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ABSTRACT 


A series of 196 amphibole analyses have been calculated to atomic ratios according to 
the standard structural formula (Ca,Na)2Nai_2(Mg,Al)s(Si,Al)s022(OH,F)2, attention 
being confined to those with Ca>1.5 atoms to the unit cell. There is a well defined upper 
limit at Ca=2 atoms, and a fairly sharp lower limit to Si at 6 atoms. The analyses are 
represented on a triangular diagram having as co-ordinates (a) the number of atoms of Si, 
and (6) the number of alkali atoms allotted to the vacant space. Nearly all the present 
minerals can be derived from tremolite by two substitutions, Aly/Si2Mg: and NapAls/Sis, 
while a third substitution, NaAl/CaMg would give rise to glaucophane-like minerals not 
included in the present list. There is shown to be a general relationship between the type of 
amphibole and the nature of the parent-rock. Values are given for the volume of the unit 
cell containing 24 O; they are very uniform, increasing a little toward hastingsite. Work on 
basaltic hornblende is briefly summarized. 


I. INTRODUCTION 


The Island of Tiree in the Hebrides consists largely of highly meta- 
morphosed gneiss, &c., in which there occurs a small but interesting 
outcrop of marble containing inclusions of several minerals, particularly 
hornblende and pyroxene. Examples of these have been analyzed and 
a description is in preparation, but it has proved difficult to discuss the 
results on account of the lack of recent lists of the published analyses. 
In the present paper an endeavor has been made to provide a working 
list and brief discussion for a series of selected fairly complete analyses 
of the calciferous amphiboles. The analyses, which are listed in Table 1 
in order of diminishing silicon-content, have been calculated to atomic 
ratios for (O, OH, F) = 24 atoms in accordance with the customary pres- 
entation in terms of the cell-formula. Attention has been confined to 
fairly complete analyses of good material with more than 1.5 calcium 
atoms in the unit cell. These comprise a majority of the amphiboles; they 
include tremolite, actinolite, common hornblende, pargasite, hastings- 
ite, and basaltic hornblende, but not the less calciferous members of the 
glaucophane and allied series. 


* Published by permission of the Director, Geological Survey and Museum, London. 
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Analyses approximating to 2Ca (cf. Berman and Larsen, 1931) are 
especially numerous, and by limiting the discussion to the present section 
of the group, in which Ca is nearly constant, it has been possible to plot 
the data on a ternary diagram (Fig. 2) having as co-ordinates: (@) the 
number of Si atoms (progressively replaced by Al); and (6) the number 
of Na, K atoms allotted to the vacant space in the cell-formula. In addi- 
tion to these variables, the common isomorphous replacements (Al, Fe) 
and (Fe, Mn, Mg)havea considerable range; they greatly affect the optical 
properties, and have therefore been widely discussed in the literature, but 
their theoretical interest is relatively small, though they are important for 
some petrological aspects of the amphibole group. The present diagram 
shows a well-marked relation between the type of amphibole and the na- 
ture of the parent-rock. 

When the density is known, it is possible to calculate the volume of the 
unit cell as implied in the cell-formula. These values (V) have been given 
in Table 1. They are generally constant throughout the group, but so 
far as can be ascertained in the absence of more accurate data, the volume 
of unoxidized hornblende increases somewhat from amphiboles with low 
alkali toward the hastingsite end of the series. 


II. Catcrum CONTENT 


It is generally accepted that many amphiboles contain approximately 
2Ca in the unit cell. The present list affords an opportunity to verify the 
extent of this limitation. Figure 1 is a frequency diagram in which the 
ordinate shows the number of analyses that have a calcium content 
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Fic. 1. Incidence of amphibole analyses with more than 1.5 (X100) Ca atoms. 


(X100) falling within the corresponding division of the abscissa. For 
example, there are 25 analyses with values between 192.5 and 197.5 Ca. 
The limit at 200 is very clearly indicated by a sharp drop in the number 
of analyses above that value; in only 14 analyses does Ca exceed 200 by 
more than a reasonable analytical error. Whether the latter values are 
real or are due to imperfections in material or analysis, it is clear that the 
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limit at 200 is substantially valid, although the minerals have formed 
under a wide range of natural conditions. 

Among the published analyses with high Ca which have been omitted 
from Table 1, several are given in Eitel’s list (1922) and there are a few 
recent analyses, but they are either of fibrous varieties or liable to error 
in other ways, so that it still appears doubtful whether any amphibole 
has been found with Ca substantially greater than 2 atoms. 

For values of Ca below 170 there is also a distinct falling off in the 
number of analyses (Fig. 1), the most frequent value being near 190. This 
probably reflects the relative scarcity of rocks of the types capable of 
yielding well-crystallized amphiboles with low Ca, for Kunitz (1930) 
shows the existence of a continuous series towards glaucophane. 


III. CeLi-rormuta.! (Ca,Na)2,Nai_2(Mg,Al)5(Si, Al) s022(OH)» 


The general formula used is that with 24 atoms of (O,OH,F), first pro- 
posed for tremolite (8SiO02:5MgO-2CaO-H.O) by W. T. Schaller (1916) 
and confirmed and extended by x-ray methods to other amphiboles by 
B. E. Warren (1930). Recent work on the water content suggests that 
amphibole crystals can undergo two types of chemical alteration without 
loss of structure. In the first, hydrogen is evolved by reaction between 
the water and ferrous oxide present. In the second, water is lost or gained. 
The amount concerned in the latter reaction does not usually exceed 
3H20, and according to Posnjak and Bowen (1931) this water is held 
more loosely and is evolved at a lower temperature than the 1H,0 of the 
formula, which is lost at 900°C. If this water is extraneous to the formula, 
the additional oxygen atoms must be held in some kind of solid solution 
in the lattice. This would seem to imply that oxidation also could take 
place (probably very slowly) by the direct access of 30, which is sufficient 


1 The present writer (1931) has drawn attention to the use in x-ray work of the terms 
‘chemical formula,’ ‘ion,’ &c., outside their already established usage. ‘Cell-formula,’ a 
term reasonably free from objection, seems to be coming into general use to indicate the 
atomic contents of the unit cell (sometimes the cell contains more than one formula-unit). 
‘Atom’ has been used instead of ‘ion,’ since the question of ionization is not here under 
discussion; Evans (1939, p. 5) adopts the same procedure ‘for the sake of brevity’: it 
appeared on the whole better to avoid a term which might seem to prejudge a subject still 
under investigation, even for the silicates where ‘ionization’ has been widely accepted. 
The general cell-formula as given above is used to show the atomic replacements, but it 
is not a precise statement of the actual composition, since it does not indicate the necessary 
valency-compensations. Innumerable analyses have established that these silicates belong 
to a general system of which the oxides are conveniently taken as components (phase rule). 
This also underlies the synthetic researches at the Washington Geophysical Laboratory. 
Schaller’s formula (above) is rigorous in stating the composition in terms of the com- 
ponents, and it would appear logically more satisfactory to employ oxide-formulae (indi- 
cating one less variable) in place of those here used. This has not been done because of 
their inconvenient length, but the sacrifice in clarity should be noted. 
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to convert one atom of Fe” to Fe’”’. In this way a basaltic hornblende 
might perhaps be formed with a total content of 2430 in the unit cell. 
As is well known, some minerals (e.g., vogtite) gain oxygen in this way 
much more easily than others: the property is used in magnetic separa- 
tions. For hornblende, the loss of hydrogen by the first reaction (internal 
oxidation) seems well established, but direct oxidation may not be im- 
possible if time is available. 

When calculated in the standard way, both the atomic numbers and 
the volume of a hornblende with 2430 would be proportionately too low. 
The difference is, however, small, and no attempt at such a distinction 
can be made in the table. It is, besides, more convenient for the purpose 
of comparison to have all the analyses calculated by a standard method, 
even if the result may be considered to differ slightly from that for the 
true unit cell. Fortunately, neither of the two co-ordinates adopted for 
plotting the present analyses is seriously affected either by a small dif- 
ference in the total oxygen or by errors and omissions in the determina- 
tion of water and fluorine. 

There is evidence that some amphiboles may have special varieties of 
crystal-structure, just as chamosite differs from the normal chlorites. The 
c-axis is sometimes doubled (Greenwood and Parsons, 1931). Only x-ray 
research in each case can decide whether this is so, but the analyses as 
given clearly represent a group with a very characteristic and limited 
range of composition, in which nearly every example has been shown to 
fall within the range of properties generally accepted as characterizing 
an amphibole. Even if some members should ultimately be separated on 
special grounds, it will add to the practical value of the list if they are 
included, since they fall within the range of amphibole composition. 


IV. EXPLANATION OF TABLE 1? 


Table 1 (at the end of this paper) contains atomic ratios for 196 analy- 
ses collected from the literature. No doubt it is still incomplete, even 
within the limitations adopted in choosing the analyses, but it may per- 
haps serve for a general survey of this section of the group. There has 
been great difficulty in deciding how far older and less complete analyses 
should be omitted: amphibole analyses abound in the literature; Eitel’s 
list (1922) already contains 336 analyses and many have since been 
published (see Wang, 1939; Winchell, 1931; etc.). The chief class omitted 
is the fibrous amphiboles, including many nephrite rocks, for which there 


? The author desires to express his thanks to Professor C. E. Tilley for numerous 
references in this list, and to Mr. C. F. Davidson for two entries. He is also greatly indebted 


to Dr. L. J. Spencer for editorial advice and assistance in preparing the manuscript for the 
printer. 
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is a risk that the presence of other minerals may have been overlooked. 
Apart from a few uralitic hornblendes, the present list is confined to nor- 
mally good crystalline material. Early analyses have in some cases been 
included if not replaced by later work; there are some incomplete analy- 
ses, but most analyses deficient in water and fluorine or alkalis have been 
omitted. It must be confessed that the choice is in some ways arbitrary, 
yet a more rigorous selection might at present give an inadequate impres- 
sion of the group. No doubt the frequency of analyses has been partly 
determined by the occurrence of favorable material; neverthelsss the 
amphiboles seem to form a well-defined natural group with a more limited 
range than that of the general cell-formula, unless this is written to indi- 
cate the observed limits. 

A few analyses with exceptional water content have been placed at the 
end of the table, and others are cited by Kennedy and Dixon (1936). In 
such cases it is uncertain whether the total oxygen is to be taken as 24. 

The left-hand page of the table shows the serial number, corresponding 
with the numbered points on Fig. 2, the locality and original name given 
by the author for the mineral, the mode of occurrence, and the reference. 
On the right-hand page is the serial number, followed by the atomic ratios 
calculated from the analysis. Beyond the vertical line are five columns 
giving the chief distinctive values in the cell-formula, and the cell-volume 
where a density is available. 

A few detailed comments are made in the following notes: 

Occurrence.—Only a very brief indication has been possible in this column. The rock- 
names are those given by the respective authors, and the word ‘crystal’ has been used 
where the analysis was made on isolated material, often ‘from a collection.’ Although the 
parent-rock of an occurrence may have been separately described, experience shows that 
it is unsafe to assume that all the crystals, even from a well-known locality, will be alike. 
This is notably true of Edenville (nos. 11, 96, 103, 109) where there is a wide difference in 
Al/Si and Mg/Fe. An exception has been made for a number of analyses of crystals from 
New York State, Ontario, &c., which have been counted as from ‘limestone contact?’; 
they are probably nearly all from highly metamorphosed rocks in or near limestones of 
pre-Cambrian age. A typical area is described by Agar (1923). Many hornblendes were 
formed during later changes that have obscured the original structure of the rock: there is 
then often a corresponding uncertainty in the description of the occurrence. 

Si, Al, Ti—Amphiboles are quite common with all degrees of replacement of Si from 
800 down to 600. A few have lower values, but the frequency diminishes almost as sharply 
as that for the Ca content already discussed. Thus there are 25 analyses with Si between 
590 and 610, 11 between 570 and 590, and only 2 below 570. If Ti were included with Si 
in the Z group, the value for (Si, Ti) would in practically every case exceed 600, but the 


3 A similar limit appears to exist in the mica group, where a ratio 6 SiO,: K,0 is pre- 
dominant (cf. Hallimond, 1926) though the cell-formula has since been shown to contain 
four Si-positions. 

4 The groups (Ca, Na, K), (Mg, Mn, Fe, Al) and (Si, Al) are conveniently referred to 
as X, Y and Z, following Machatschki (1929). 
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frequency-distribution would then indicate a limit at a higher value than the simple ratio 
Si=600, for allowance must be made for a ‘spread’ of about + 10 units which would be 
caused by the usual errors in analysis, even if a sharp limit existed. 

Fe'’.—The amount of Fe:O; present often agrees with that common in rock-forming 
silicates. A number of high values have been explained as due to subsequent oxidation to 
‘basaltic hornblende’; but nos. 70 and 77 (Purcell diorite), and some from nepheline-rocks, 
seem unlikely to have undergone subsequent reaction. 

Fe!’, Mn, Mg.—Magnesian amphiboles are the most common, but there is a fairly com- 
plete range between Fe’’ and Mg. Berman (1937) notes that pure actinolite does not seem 
to have been found. 

Ca, Na, K.—Ca has been discussed above. The alkalis, after allowing for some Na re- 
placing Ca, are represented as co-ordinate b in Fig. 2. There seems to be a relative absence 
of potassium in glaucophane and other amphiboles where Ca is replaced by Na (cf. Kunitz’s 
lists). In the present list K: Na often reaches 1:3 or more, and in 14 analyses K is substan- 
tially equal to or greater than Na. Perhaps the large K atom is more readily accommodated 
tn the ‘vacant space’ than in the Ca position. 

H, F.—The radicales OH, F are, as is well known, especially liable to errors in deter- 
mination. F is often ignored altogether, while some methods for H2O are now known to give 
inaccurate results on account of the formation of hydrogen by reaction with FeO. H— has 
been omitted, the value given being usually H+ or sometimes the ‘total’ hydrogen. Be- 
fore any weight is attached to a particular analysis the method used should be taken into 
account. Still, it seems likely that (OH, F) is in many cases really below the value 200 im- 
plied in the simple cell-formula. 

Total equivalent.—Atomic replacements in the crystal must satisfy the condition that 
the total “negative’’ valencies equal those of the ‘positive’ atoms. Actually this is assumed 
in making the analysis, for the constituents are returned as oxides. It is only verified ex- 
perimentally so far as the total of the analysis equals 100% (after allowing for F). The 
total equivalent for the elements in the foregoing columns should equal 4800. If F is pres- 
ent, the negative equivalent for 2400 atoms (O, F) will be 4800—F, and the total of all the 
columns including F will therefore be 4800. This has been checked for all the analyses in 
Table 1 within the limits of error in calculation, i.e. +10. But it must be emphasized that 
this is only a check on the arithmetic by which the atomic numbers are calculated from the 
equivalent numbers for the oxides in the analysis. Any imaginary set of oxide equivalents, 
if calculated in the usual way, would give an accurate valency check even if it did not agree 
with the amphibole formula. 

R’”’ in Y-group.—This is the amount of Al, Fe’” left in the Y-group after enough Al 
has been allotted to complete Si, Al=800. This R’’”” may, of course, be regarded as ‘com- 
pensating’ particular valency changes such as Na/Ca, but it seems best to regard the ques- 
tion in a more general way: there are various atomic replacements all subject to the condi- 
tion that the total ‘metal’ valency should equal that of (O, I). The nature of the substitu- 
tions actually operative in these amphiboles will be discussed more fully below. 

Titanium is nearly always returned as TiQs, and is believed to be present in the amphi- 
boles in that state of oxidation. In x-ray formulae it is usually assigned to the V-group. If 
so present, it can be regarded as a group of the type MgO- TiO» replacing Al,O3. Conse- 
quently the total value here given for R’” in ¥ includes 2 Ti in all cases where Ti is present. 

Y-residue.—Much interest has centered on the fact that the total of the elements in the 
Y-group commonly shows a small excess, up to about 4 atom, above the value 500 required 
by the formula. The values for this excess are shown here. It is present even in some of the 
most recent analyses. One possible cause is the substantial value of the total concerned, 
for the value assigned to the Y-group depends upon all the elements present in both VY’ and 
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Z, and it is conceivable that some systematic over-estimation might still occur. Another 
cause, which is much more certainly operative, is the effect of the loss of water from the 
crystal, or its underestimation in analysis, and the omission of fluorine. At the end of Table 
1 the effect of such errors has been shown by recalculating a typical analysis (no. 173) with 
the addition of (a) 1% water and (b) 1% fluorine. Most of the atomic values do not show 
any serious difference, but those for Y and Y-residue have diminished by no less than 28 
units for 1% HO. This is a substantial proportion of the excess commonly noted in horn- 
blende analyses, and it is clear that in many instances the Y-value might average about 
500 if the estimation were more complete. 

So far as it is real, the excess (if attributed to Mg atoms) would presumably be assigned 
either to the Ca positions, by analogy with cummingtonite, or directly to the vacant space. 
The mineral ‘hexagonite’ which occurs with kupfferite at Edwards, N. Y., has recently 
been twice analyzed. Both analyses (nos. 14 and 17) show an excess of Y above 500, with 
a deficiency of Ca, so that the excess Mg (Mn according to Warren, 1930) could be assigned 
to dissolved kupfferite; Na is so low that the value for the vacant space is negative unless 
the excess for the Y-group is so included. No. 36 has similar values, but in the other analy- 
ses the larger content of Na renders it difficult to draw any direct conclusion. 

Atoms in vacant space (v. sp.).—Where Ca falls below 200 the difference has been at- 
tributed as usual to the presence of glaucophane and analogous formulae, in which Ca is 
replaced by Na. The total value for Ca+Na-+K, less 200, therefore represents the residue 
of alkali atoms which it is customary to assign to the vacant space in the amphibole struc- 
ture. 

Logically, the content of the vacant space should be increased by the residue from the 
Y-group, even if this replaces Ca as indicated in the preceding section. This procedure, 
though attractive in theory, has been avoided because of the relatively large errors affect- 
ing the Y-residue. For the reasons given, it is subject to an uncertainty of 30 units or more, 
while the value here used for the vacant space depends on the direct determination of Ca, 
Na, K with only a slight indirect error due to water, &c. 

The content of the vacant space has been taken as the second co-ordinate (b) for plot- 
ting in Fig. 2. If the vacant space can hold only one atom, the crystal-structure will require 
that b cannot exceed 100; this limit is fairly well fulfilled, but there are several higher values, 
and there would be more if the Y-residue were included. 

F, OH.—For convenience, the totals have been listed, but they are often inaccurate or 
defective. The value rarely exceeds 200; a few values exceeding 250 are placed at the end 
of the table. Attention may here be directed to analyses by Jakob (1937). 


V. GRAPHICAL REPRESENTATION 


Apart from the substitutions (Fe, Mn, Mg), (Fe, Al),etc., the analyses in 
Table 1 can be described in terms of two variables, (a) the number of Si 
atoms, and (6) the number of atoms allotted to the vacant space. A third 
variable in the amphibole formula is the degree of replacement of Ca by 
Na, but this has been eliminated by choosing analyses with approxi- 
mately two atoms of calcium. 

(There is another variable that may at first sight appear independent, 
namely the amount of R’”’ in the V-group, but if the others are known 
this is determined by the condition that the total equivalent shall equal 
4800; it is thus not an independent variable.) 
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Fic. 2. Distribution of amphibole analyses in respect to (a) Si atoms and (b) atoms in the 
vacant space, The signs represent an approximate classification of the parent-rocks. 
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It is possible therefore to represent the analyses upon a plane diagram 
having (a) and (6) as co-ordinates. This has been done in Fig. 2 which is 
a triangular diagram of the usual type with a and b measured from the 
bottom corner of the triangle. (Note. For convenience the bottom corner 
has been taken at a=600.) At the top corner (= 800, b=0) is pure trem- 
olite-actinolite. The lower side of the triangle is not, of course, theoreti- 
cally the lower limit for Si, but there are relatively few analyses with 
Si<600; they have been represented by extending the area somewhat to 
include lower values. As regards , if there is only one atom in the vacant 
space the theoretical limit will be 100. The area permissible is therefore 
limited on the right by the heavier vertical line at b= 100. 

Errors.—The maximum analytical error for Si may reasonably be put 
at 10 units (one small division in Fig. 2); and that for 6 at a somewhat 
larger value. When allowance is made for this uncertainty there are still 
a few analyses appreciably beyond the upper side of the triangle, but 
none on the left, except the Edwards mineral (nos. 14, 17). Only four 
points lie seriously to the right of the line 5=100. (A pargasite from Ros- 
sie (Agar, 1923) giving a= 642, b=178 has been omitted.) 


VI. SUBSTITUTIONS AND COMPONENT FORMULAE 


The composition of an amphibole plotted within the triangle (Figs. 
2 and 3) can be represented as a mixture of three components (phase 
rule) at the apices of the triangle. They can be derived from tremolite by 
the following substitutions (Warren, 1930): 


Mineral Formula Substitution 
Tremolite Caz Mgs SisO22(OH)2 
Ts Cag Mg3Al4SigN22(OH)2 Ala/MgoSie 
Ha’ Ca.NaoMg;sAl2SigO22(OH)2 NaeAle/Sie 


If the total number of molecules is taken as 200, the molecular propor- 
tion of tremolite is given by Si— 600 and that of Ha’ by the content of the 
vacant space. These are the co-ordinates a and 6 of Fig. 2, if measured 
from the bottom corner of the triangle shown. 

The second component above has been termed Ts since the substitu- 
tion Al,/MgSi is that by which the ‘Tschermak molecule’ is derived from 
diopside. The third is obtained by a substitution that maintains the 
valency, but does not satisfy the condition that there must be no change 
in the number of atoms: it is only possible because the Na is assigned to 
the vacant space. If only one space is available, this component itself 
and other compositions to the right of b=100 are impossible, but it is 
convenient to complete the triangle so as to give a 3-component repre- 
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sentation. Analyses with Si below 600 would of course require the choice 
of similar components with further substitution. For the third component 
the term Ha’ (from hastingsite) has been employed. Hastingsite itself 
lies at a point midway along the lower side of the triangle, with the com- 
position CagNaMg,Al;Sis022(OH)» (Berman and Larsen, 1931), and rep- 
resents the limiting composition possible according to the present struc- 
tural theory. The name has been used for amphiboles with lower Ca 
(Wolff, 1937), but the present formula seems to represent the composition 
for which the name is usually employed (cf. Billings, 1928). The original 
hastingsite from Dungannon (no. 184) has an exceptional value for 6; two 
concordant new analyses (no. 169) agree well with the present formula, 
though rather low in Ca. 


VII. RELATION BETWEEN TYPES OF AMPHIBOLE 
AND THE PARENT-ROCKS 


The ‘occurrence’ column in Table 1 indicates the conditions of forma- 
tion of the amphibole. The parent-rocks can be very roughly classified 
into five main divisions: limestone, schist and amphibolite, diorite, basalt, 
and nepheline-syenite. These have been distinguished by using special 
signs for the representative points in Fig. 2. The signs are not scattered 
irregularly over the figure, but are grouped in limited areas, each type of 
parent-rock yielding amphiboles of a characteristic range in composition. 
The areas have been outlined more clearly in Fig. 3, which illustrates the 
general conclusion to be drawn from the present series of analyses. 

(1) Limestone.-There is a curious lack of amphibole analyses in the 
area around a=/710, 6=50. As a result, the limestone amphiboles fall 
into two separate groups. One is the tremolite-actinolite series, 
grading into common hornblende and occupying an area near the top 
corner of the diagram; the other is the pargasitic type, with a notable 
content of alkalis. Broadly speaking, the tremolite group probably origi- 
nate by the metamorphism of a normal impure limestone, while the par- 
gasites have usually gained alkali by the access of solutions. The vacant 
area, with only one analysis, is unexpected and is the more remarkable 
in being avoided also by amphiboles of the schist and diorite groups. 

(2) Schist and amphibolite. -No precise limits can be assigned to these 
rock-names, the amphibolites in particular being often of obscure origin. 
The range is extensive and the relationships of these rocks are the subject 
of extensive detailed researches which are, of course, outside the scope of 
the present paper. Generally, they originate by metamorphism under 
conditions of somewhat lower grade (cf. Tilley, 1938) than those that 
yield hornblende by direct crystallization from a melt. Deer has discussed 
the question of grade for nine amphiboles from Glen Tilt and. has indi- 
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cated the nature of the chemical changes toward the lower-grade amphi- 
boles. His conclusions can be illustrated, in part, by the plotting of the 
Glen Tilt data in Fig. 2; with lower grade the points tend to lie nearer the 
tremolite corner of the triangle. Several uralitic hornblendes are also 
included in this section. The area extends down the left side of the tri- 
angle with a bulge that overlaps part of the pargasite area. 
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Fic. 3. Approximate limits of composition of amphiboles derived from various rocks. 


(3) Diorite (including quartz-monzonite, quartz-latite, appinite, sye- 
nite, gabbro, hornblende-gneiss, etc.).—The area, which includes the 
‘common hornblendes,’ is rather sharply defined; it extends obliquely 
from the left-hand margin toward hastingsite, but terminates at b=65, 
where a sparsely occupied vertical space separates the aiguye area from 
those for pargasitic limestone and basalt. Several ‘diorite’ signs to the 
right of the boundary belong to amphiboles from veins and from andesite, 


not from typical diorite. 
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(4) Basalt (umptekite, trachydolerite, tuffs and volcanic bombs.)— 
This area is also well defined, the general composition being near to 
hastingsite. Magnesian amphiboles predominate, in contrast with the 
nepheline-syenites. 

(5) Nepheline-syenite (essexite, foyaite, hornblende-monchiquite, teph- 
rite).—The area partly overlaps those for basalt and pargasitic limestone. 
A majority of these amphiboles are high in iron. 


Such are the broad outlines of the relation to the parent-rocks. It must 
be emphasized that only the calciferous amphiboles are represented: al- 
kali-amphiboles would require the addition of a co-ordinate for Na/Ca at 
right angles to the plane of the diagram, and would pass over to other 
classes of parent-rock such as glaucophane-schist that are represented 
only by outlying examples in the present table (cf. also Berman and 
Larsen, 1931). 

Further distinctions could no doubt be drawn within the present 
groups; but the lack of precise definition of the rock-names themselves, 
and the limits of accuracy in analysis, will indicate that caution must be 
used in the smaller groups. 


VIII. BAsaLtic HORNBLENDE 


Many experiments have been made on the effect of heat on the amphi- 
boles. Allen and Clement (1908) found for tremolite that with sieved 
powder (120 mesh to 1 inch) a period of 10 to 30 hours was required to 
reach constant weight. Up to about 850° the water lost progressively in- 
creased without important change in optical properties. Above this 
temperature there was a steeply increased loss, reaching (at 900°C.) from 
40 to 60% of the water content. A tremolite which lost 85% of its water- 
content at 923° regained a nearly equal amount of water in a bomb at 
400°. 

Posnjak and Bowen (1931) used Allen and Clement’s material (above). 
They found that the water-content was higher than recorded by the 
latter. Constancy was obtained in about 24 hours at each temperature 
and there was a progressive loss in weight up to about 900°; beyond this 
a loss of 2.1% took place, corresponding with 1H.O in the formula, but 
this dehydration was at first very slow. Samples heated at 900° for 24 
hours showed some x-ray lines for pyroxene, which had formed in parallel 
orientation round the grain-margins. There is no suggestion that basaltic 
hornblende was formed in these changes. 

Barnes (1930) includes a review of earlier experiments with steam, car- 
bon dioxide, and nitrogen, which yielded basaltic hornblende. Numerous 
experiments were made on tremolite and hornblende, samples of which 
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were heated in hydrogen and in air at about 850° for three hours ‘in order 
to be sure that the change proceeded to completion’ (p. 398). Iron-free 
amphiboles (pargasites) showed little change in optical properties, while 
those richer in iron yielded basaltic hornblende in air but no change in 
hydrogen. The characteristic ‘basaltic’ change is therefore attributed to 
(internal) oxidation of the ferrous iron. 

Barnes also gives a diagram showing that the ratio Fe.03:FeO does 
not usually exceed from 0.5 to 0.9 (wt,%) in common hornblendes, but 
is higher in basaltic hornblendes, of which the artificially oxidized ma- 
terial is an extreme example. Densities of hornblende before and after 
heating were 3.175-3.215 and 3.258-3.320 for Lanark Co. (106) and Ren- 
frew Co., (119) respectively, corresponding with the contraction observed 
by Kézu (1927). 

Kennedy and Dixon (1936), for a hornblende showing abnormal water 
content, etc. (no. 195), record details of water loss. Tilley (1938) has 
pointed out, however, that the parent-schists contain fine-grained chlo- 
rite and that the peculiarities of this analysis can be explained as due to 
admixed chlorite. Belyankin and Donskaya (1939) obtained results for 
the dehydration of no. 189. 

These results seem to indicate that amphiboles normally contain up 
to 3H.2O which is believed to be outside the formula and is released pro- 
gressively up to 900°C., together with 1H,O or less which forms part of 
the lattice and is lost at 900°. Constancy is reached in 24 hours (for 
powdered mineral) in the first case, but the second reaction is much 
slower until temperatures above 950° are reached. If FeO is present, there 
is a balanced reaction between FeO, Fe2O3, H2O in the crystal and hydro- 
gen, etc., in the surrounding gas. This takes place rapidly (3 hours) at 
850°, yielding basaltic hornblende; it is presumably limited by the availa- 
ble FeO-content. 

In natural hornblendes, as in the chlorites (Hallimond, 1939), the de- 
fect in H,O sometimes appears to exceed the total Fe2O3, in which case an 
interchange of the type Mg(OH)2/AIOOH might be supposed to operate 
during the formation of the crystal. 


IX. CELL-VOLUMES 


The volume in chemical units associated with 24(O, OH, F) can be read- 
ily obtained by the formula V= 2400/0 Xp, where O is the total equiva- 
lent number for (O, OH, F) as used in the course of calculating the atomic 
values in Table 1, and p is the density. 

The values have been given in the last column of Table 1. They are 
very uniform throughout the series, rarely going outside the range 270— 
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285. On closer consideration, however, caution must be observed in inter- 
preting these figures, for they are subject to special sources of error. (1) 
An error of 4% in the water content causes the volume to be 6 units too 
high. Data given by Parsons (1930) (nos. 4-8) are consistent, but the 
water content is rather below that required by the usual tremolite for- 
mula. For tremolite, therefore, the most probable volume seems to be 
275. (2) The densities given by Barnes show a contraction of about 5 units 
in V on the formation of basaltic hornblende, the results of which are 
therefore not directly comparable with those for tremolite. If the basaltic 
hornblendes could be replaced by normal amphiboles, there would pre- 
sumably be a general increase in volume toward the hastingsite end of the 
series. The risk of inaccuracy in the data makes it difficult to discuss indi- 
vidual analyses, but the increase would apparently be of the order of 10 
units. 
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Key To ABBREVIATIONS USED IN TABLE 1 


Left-hand pages: Ab., albite—Ac. actinolite—Am., amphibole—Amp’te., amphibolite 
—Ba., basaltic hornblende—Bk., barkevikite—Ca., carinthine—Carb., carbonate—Ed., 
edenite—Fe., ferrohastingsite—Gr., grammatite—Ha., hastingsite—He., hexagonite— 


Ho., 


hornblende—Hu., hudsonite—Hy., hydroamphibole—Ka., kaersutite—Ma., mag- 


nesiohastingsite—Or., orthoclase—Pa., pargasite—Pla., plagioclase—Pyr., pyroxene— 


Sm., 


smaragdite—So., soretite—Tr., tremolite—Ur., uralite. 


Right-hand pages: * not stated by the author; tr. trace or less than 0.05%; n.d. not 
determined; — so in original analysis. 

The headings are explained in notes to the table; (a) and (b) are the co-ordinates 
plotted in Fig. 2 


16. 
. Kreutz, p. 948, says there are two hornblendes in this rock; see no. 121. 

. An earlier Edenville analysis is cited by Kreutz, p. 917. 

. A very similar analysis is given by Washington, 1923. 

. The mean of analyses by Harrington and Stanley. 

. The summation has been made correct by taking Al,O; as 14.13%. 

. Kreutz, p. 948, says that besides the light-coloured ‘edenite’ a black hornblende occurs 


{Notes on analyses in Table 1 


A very similar analysis is given by Kreutz, p. 918. 


embedded in limestone as at Pargas. 


. Also a similar analysis ‘from an amphibolite bed.’ 

. See no. 42. 

. A similar analysis is cited by Doelter, II, i, p. 617. 

. Analysis not yet published. Contributed by permission of the Director, H. M. Geo- 


logical Survey, London. 


. Asimilar analysis by Washington, 1908, has lower alkalis. 
. A similar analysis in Parsons has K>Na. 
. The original hastingsite. See no. 169. 
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TasBLeE 1. ANALYSES OF CALCIFEROUS AMPHIBOLES CALCULATED TO ATOMIC RATIOS 
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For abbreviations, etc. see key on preceding page. 


Locality 


Cumberland, Rh. I. 
Packenham, Ont. 
Ham I., Alaska 
Sulzer, Alaska 
Pierrepont, N. Y. 
Sarahsburg, N. Y. 
Gouverneur, N. Y. 
Zillerthal, Tyrol 
Switzerland 
Kupferberg, Silesia 
Edenville, N. Y. 
Lee, Mass. 
Richville, N. Y. 
Edwards, N. Y. 
Kishengarh, India 
Greiner, Tyrolf 
Edwards, N. Y. 
Ossining, N. Y. 
Berkeley, Cal. 
Kaveltorp, Sweden 
Gouverneur, N. Y. 
Russell, N. Y. 
Russell, N. Y. 
Krageré, Norway 
Start, Devon 
Start, Devon 

San Pablo, Cal. 
Haut du Faite, Vosges 
Rhode Island 


St. Lawrence Co., N. Y. 


Coll I., Hebrides 
Russell, N. Y. 

Loch Gair, Argyll 
Russell, N. Y. 

Arendal, Norway 
Start, Devon 

‘Piz Valesa’ 
Kussuolinkivaara, Finl. 
Snarum, Norway 
Washington, D. C. 


Billy Goat Creek, N. Z. 


Saualpe, Carinthiat 
Djagdalik, Afghanistan 
Pierrepont, N. Y.f 
Coronet Peak, N. Z. 
Ravenberget, Norway 
Biella, Piedmont 
Sudbury, Ont. 
Monteagle, Ont. 

New Hampshire 
Krageré, Norwayt 
Carsphairn, Scotld. 
Esasi, Japan 

Signal Peak, Colo. 
Nordmarken, Sweden 
Cheremshanka R., Ural 


Name 


Ac. 
Am. 
Tt: 
Ur. 
Am. 


Ho.? 


For (O, OH, F) =2400. 


Occurrence 


Chlorite-ac.-hortonolite vein 
Limestone contact? 

With diopside 

* 


Limestone contact? 
Limestone contact? 
Limestone contact? 

* 

Crystalline limestone 
Crystals 

Limestone contact? 

Dolomite marble 

Crystals 

With kupfferite 

With nepheline-syenite 
Crystals in talc 

Limestone contact? See 14 
Limestone contact? 

Schist 

With blende and chalcopyrite 
Limestone contact? 
Limestone contact? 
Limestone contact? 
Pseudomorphous after diopside 
Ho.-epidote-albite-schist 
Ho.-clinozoisite-albite-schist 
Schist 

Amphibole-biotite granite 
Crystals 

Limestone contact? 
Amphibolite 

Crystals 
Chlorite-epidote-ab.-amp’ te. 
Crystalline limestone 

Crystal 
Ho.-tale-chlorite-schist 

* 
Ho.-or.-pyr.-spinel-carb.-rock 
Crystal 

Gabbro 
Ab.-stilpnomelane-ac.-schist 
Eclogite 

Cipolin limestone 

With calcite 
Ab.-epidote-ac.-calcite-schist 
Altered from pyroxene? 
Druse in syenite 

Margin of xenolith in gabbro 
Limestone contact? 
Limestone 

Crystal 

From pegmatite in ho. hybrids 
Diorite 

Xenolithic crystal in granodiorite 
Crystals 

Augite-pegmatite 


Authors 


Johnson & Warren 
Parsons 

Allen & Clement 
Parsons 

Parsons 

Parsons 

Parsons 

Parsons 

Kreutz, p. 915 

Kunitz 

Winchell 

Penfield & Stanley, p. 31 
Penfield & Stanley, p. 31 
Allen & Clement 

Heron 

Penfield & Stanley, p. 32 
Kunitz 

Allen & Clement 
Blasdale 

Johansson 

Allen & Clement 
Parsons 

Allen & Clement 
Hillebrand 

Tilley, 1938, p. 504 
Tilley, 1938, p. 505 
Blasdale 

Weyberg 

Kunitz 

Parsons 

Duparc & Pearce, 1908 
Penfield & Stanley, p. 33 
Wiseman, p. 368 
Kreutz, p. 929 

Kunitz 

Tilley, 1938, p. 506 
Kunitz 

Mikkola & Sahama 
Kreutz, p. 926 

Clarke, 1910, p. 266 
Hutton, 1940, p. 14 
Kunitz 

Barthoux 

Penfield & Stanley, p. 34 
Hutton, 1940, p. 13 
Kolderup 

Zambonini 

Jones 

Parsons 

Kunitz 

Penfield & Stanley, p. 34 
Deer, 1937 

Harada, p. 281 

Pabst 

Kunitz 

Belyankin, 1910, a 
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TABLE 1 
(a} RY’ 4Ni—vwe (bby 
Sit cAlsTi Fe Fe” Mn Meg -CanuNa, «K.-H F in sressevasp2:OH! BY. 

796 in tr: 1 85 1 435 214 14 tr. 767 2 14 35 28 16. 279 
795 23 1 Li, +50 2 466 188 16 5 ae 31 48 oy) dd 278 
794 2—- — — — 500 203 3 2 209 nil —4 —4 8 209 

UO2 eno Str. 24 135 4 329 178 9 4-498. * 67 35 —9 O8 | 277 
792-21 2) 15: 48 2 467 190 22 DSI6S 7 32 47 21 70 279 
TR py) 1 Sb 12 2. 524 197 S23eriGh® 37 20 SY 36 37-280 
791 = 23 1 10 3 1 518 190 21 1296384" 12 26 47 23 oS | 24d 
790 33 = «tr. 14 +50 2 465 179 39 6rasou * 37 54 24 59 279 
790 22 — 1 7 1 485 188 6 1 196 7 13 6 —5 203 274 
788 12 11 . 22 * 458 190° 18 Se209y * 11 -9 13. 209 

788 21 1 1 26 1 464 209 20 3 141 9 12 2 32 150 

788 29 2 nil 6 tr. 490 193 13 4 142 16 21 15 10 158 275 
787 21 = 2 2 2 510 190 17 8 109 37 10 24 15 146 275 
786 nO) th; 4 nil 15 506 157 21 3 225 10 0 21 —1{9"235 

786 49 tr. 31 216 7 251 AS erst CaO 16 66 40 13 77-290 
783 «-21~—o nil 2 61 3 449 185 13 37182 5 6 19 i 187 | 278 
783 5 * 11 a 24 $25 154 14 3° 197 . 0 49 -—29 197 

782 20 1 3 3 tr. 485 205 11 3 201 5 7 —6 19 206 

yoo 658. — 87 * 390 160 66 — 165 * 38 15 26-165, 274 
780 «21 - 7 20 6 477 186 15 4 159 41 8 11 iS? "200) | 273 
776 9-27 1 4 nil — 483 183 32 10 183 44 9 —9 25°" F227 

Lipo Aas, 1 14 «43 2. 462, 1862°°26 14AMS5S)* 59 28 34 26 114 277 
iit | 30 1 6 12 1 470 189 25 13 e158 . 53 13 —§ aay Sit 
(i425. — 21 97 — 378 194 21 11 193 — 20 —5 26 193 279 
774 #45 3 12 139 nil 325 i90 15 210 * 37 —2 7 194 278 
773, (24 2 nil 114 2 378 193. 39)eitreer2tse, * -1 —5 33° F214.) 275 
G2. 34 = — SOviete4 14057 1829453 § 240 * 6 -19 40 240 

771 71 2 8 146 5 321 180 103 1ieeragre 54 24 94 49 

768, 34 ~* ES me YY? * 257 193 16nre* 195 e 33 2 9 195 278 
766 34 2, mae 00 2 444 183 32 Pie36 111 27 21 26 147 + 277 
766 «51 3 70 «67 i 376: 211 46 G7 ate. * 93 34 63 * 289 
765 42 10952655) th. 0422) 18% 22 4 149 34 35 11 7 183 271 
761 41 5 28 187 Sre28Srol7 3927 9 202 b? 40 10 9 202 

760 36 — 9 17 2 461 172; 688°°23190) +37 § —-15 63.2227 | 275 
aso 49 16 49° *, 427 2060 14 202 * 24 0 14 202 

759 60 Z 5 86 2 394 188 nil nil 221 * 28 8 —12 1964 272 
To 1G: <% 30 214 7 198 156 69 6 212 % 66 —15 1212) 279 
758 108 5 7 54 2 411 204 13 4 42 . 83 45 21 42 

758) 52 Pil 87 *. 885, 1567 387 3 105 68 41 11 46 173) | 276 
758 54 — 39 101 i) -333° 222 32 2 121 * 51 —14 56 121 

754 67 8 42 182 4 247 160 44 278192 % 79 4 6 192 

752 61 - 13 50 3 404 197 31 130212 * 26 —-17 A aes S| 

750 84 8s — 3 £ S02 202 52 12V25n * 53 $1 66 23 + +=280 
747 «45 3 33 80 8 404 182 22 9 136 47 31 20 13 183 276 
747 «65 4 52 128 tr, 312 tS7P wate tre206. * 73 9 —2 206 
AA7ei7S3 2 49 98 2 345 194 43 2 176 bd 53 —4 39 176 

744 104 il 36 «690 tr. 349 212 26 7 29\- * 106 34 45 29 

742 124 4 23 68 3 349 210 12 11 92 t 97 13 33 Oo? 5 213 
740 883 A 33 147 2 325 19279433 120984 * 64 34 37 98 280 
739 73 be HD WSS * 284° 995 Orit 2isy * 43 2 ae W288 2 27S 
(pt eats) 14 28 65 4 413 162 59 Gels? 21 67 35 27 1360 «272 
736 «674 1s 31) 175 4 258 187 27 Onggo © 77 —4 23 190 

732 83 18 66 170 4-243 172 9933 13 131 * 117 16 18 131 

732 125 10 87 131 — 254 172 35 13/8R33.? .* 164 39 20 33 

727 37 16 61 307 9 142 195 = 279!" © 57 -1 —5 229 281 


724 82 6 49 69 § 325 198 83 25 129 52 67 —40 106 181 
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No 


57 
58 
59 
60 
61 
62 
63 
64 
65 
66 
67 
68 
69 
70 
71 
72 
73 
74 
75 
76 
77 
78 
79 
80 
81 
82 
83 
84 
85 
86 
87 
88 
89 
90 
91 
92 
93 
94 
95 
96 
97 
98 
99 
100 
101 
102 
103 
104 
105 
106 
107 
108 
109 
110 
111 
112 
113 
114 
115 


Locality 
Sadholm, Sweden 


Butte-Plumas Cos., Cal. 


Glen Tilt, Scotland 
Loch-na-Craige, Scot. 
Eganville, Ont. 

Glen Tilt, Scotland 
Loch-na-Craige, Scot. 
Radauthal, Harz 
Glen Tilt, Scotland 
Garabal Hill, Scotland 
S. Felix, Cortegana 
Tioga Road, Cal. 
Bornthal, Saxony 
Filipstad, Sweden 
Hohen Waid, Baden 
Wausau, Wis. 
Walkerville, Mont. 
Umhausen, Tyrol 
Sheep Cr., Colo. 
Glen Tilt, Scotland 
Gabbi, Lapland 
Purcell sills, B.C. 
Pargas, Finland 
Pargas, Finland 
Cabo de Gata, Spain 
Dry Gulch, Colo. 
Sommervik, Norway 
Chester, Mass. 
Purcell sills, B.C. 
Beaver Creek, Cal. 
Ernsthofen, Hesse 
Glen Tilt, Scotland 
Ipponmatu, Japan 
Nieripeivi, Sweden 
Ulisna Muduna, Ceylon 
Ilmen Mts., Ural 
Carlingford, Ireland 
Renfrew, Ont. 
Kantalahti, Finland 
Edenville, N. Y. 
Franklin, N. J. 
Warwick, N. Y. 
Amity, N. Y. 
Kleinhéhe, Alsace-Lor. 
Schlossberg, Austria 
S. Cristobal, Colo. 
Edenville, N. Y. 
Grenville, Quebect 
Mt. Wati, Uganda 
Lanark Co. Ont. 
Amity, N. Y.t¢ 

Glen Tilt, Scotland 
Edenville, N. Y.t 
Brocken, Harz 
Palmer Center, Mass.f 
Skudeskunksjar, Nor. 
Plauen, Saxony 

Glen Tilt, Scotland 
Eulengebirge, Silesia 


Name 
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TABLE 1 (continued) 


Occurrence 
Uralite-porphyrite 
Quartz-am.-diorite 
Coarse appinite 
Garnet-bi.-epidote-ab.-amp’te. 
Limestone contact? 
Hornblendite xenolith 
Biotite-epidote-ab.-amp’te. 
Gabbro, uralitic 
Quartz-or.-pla.-ho.-rock 
Hornblende-gabbro (modified) 
Diorite 
Quartz-monzonite 
Diorite 
Zoned crystal 
Garnet-rock 
Umptekite 
Quartz-monzonite 
Altered eclogite 
Quartz-latite 
Hornblende-schist xenolith 
Effusive amphibolite 
Diorite 
Limestone contact 
Limestone contact 
Dacite 
Quartz-latite 
Altered from pyroxene? 
Amphibolite 
Diorite with chalcopyrite and pyrrhotine 
Hornblende-gabbro 
Luciite-porphyrite 
Pyroxene-appinite 
Amphibolite 
Zoisite-amphibolite 
Inclusion in metam. limestone 
Granodiorite 
Junction hybrids 
Crystal 
Altered eclogite 
Limestone contact? with pyroxene 
Limestone contact? 
Limestone contact? 
Limestone contact? 
Hornblende-gneiss 
Amphibolite 
Andesite dike 
Limestone contact? 
Limestone contact? 
Quartz-hypersthene-diorite 
Limestone contact? 
Limestone contact? 
Injected hornblende-schist 
Crystals 
Diorite (‘granite’ Kunitz p. 207) 
Amphibolite dike 
Crystal 
Syenite 
Hornblende-schist 
Diorite 


Authors 


Sederholm 

Clarke, 1910, p. 266 
Deer, 1938, no. 3 
Wiseman, p. 382 
Winchell 

Deer, 1938, no. 6 
Wiseman, p. 383 
Kunitz 

Deer, 1938, no. 5 
Nockolds, 1940 
Kunitz 

Turner 

Kunitz 

Daly 
Erdmannsdérffer 
Weidman, 1907 
Clarke, 1900 
Hezner, 1903 
Larsen & others 
Deer, 1938, no. 9 
Kulling 

Rice 

Laitakari 

Kreutz, p. 933 
Osann 

Larsen & others 
Kolderup 

Duparc & Pearce, 1908 
Rice 

Turner 

Klemm 

Deer, 1938, no. 4 
Tsuboi, 1936 

Du Rietz 
Coomaraswamy 
Belyankin, 1910, b 
Nockolds, 1935 
Penfield & Stanley, p. 39 
Eskola 

Hawes 

Parsons 

Winchell 

Parsons 

Rhein 

Marchet 

Larsen & Irving 
Winchell 

Penfield & Stanley, p. 49 
Groves 

Barnes 

Winchell 

Deer, 1938, no. 8 
Penfield & Stanley, p. 40 
Kunitz 

Clarke, 1910, p. 21 


Gossner & Spielberger, p. 118 


Kunitz 
Deer, 1938, no. 7 
Kunitz 
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TABLE 1 (continued) 


(2) RY —" (bye ee 
No. Si Al Ti Fe’ Fe’ Mn Mg Ca Na K H F in Y res vasp. ‘OH. (UV, 
Siamese 117 3) Si 151 =" 3045183020 Sanl 4th) idl 84 36 -3 141 281 
Soulmate os 10'- 329-80) 6 348) 172 sd One 1g48 | * 103) 527, 16 134 
591716 101 13 72 95 Deesi2 178) sei SiGe 12 115 11 25 146 278 
60] 716 140 14 33 222 3. 158) 16Stersom etSee2068 | * 118 —14 22 206 
Ol 20) 110) 46425146 5) #286 153° SO) 27eetio) — 99 OD D5 698 125 
2G eel 133) 812 9°39 100) 2) 337 4184 929° “A0mOI 64. 1030290 2300125 
CSR OGM 149.08 1o26 214. Si 198) 163ueed9uee26u202)  * 103 9 8 202 
CAN ier 04) 98" 78 831 61 * 7429 200nnt23) a asaaiol! = * 49 $31 26 161) 2276 
COS Ote 10 sued Or 60/096 | 2is22 NaS ieee? Semen 1578 tr. 105 10) e285 eee ri 
Gon 702 124 “12 27 116 1) 9343) 71 /Smeeooe wcmtos: | * ihe OL SP is SS 
OimimevOl 118) 95) 407105. * 338 204 ay28i0 sor = 69 Ti, 325 180) 272 
68 | 696 122 13 54 131 69285) 187eeeot 9 182 3 98 7 A7iee185) 0275 
69! 695 125 * 22) A 25p ees S Sel eee Sa OME 20S) | 42 20 a3 ie 2030272 
70 | 693 132 10 87 202 20 192 202 24 ft p= 132. 36 33. aueer2e ees 
PARE OSl 2200) 15 55. e247) S272 “185. “Sloe 927 166 ieeeA Si eS4e 287, 
U2 SOSSmmSo> tr. 62) 1305) tr, 58° 197) KOO 75) 39) * 139 Die t32) eso 
ome OSSun 1916) 56 6130) 97.9275) 180) 922) ©234N729" “13 92 -12 25 242 
74°! 682' 1248 4 44 101 — 255 162 68) 20), 53) * 182 B45 a SOieSS 
MouleroSiueiG7.0 01955) 113) 945292) F176 9939, Oumot 37, 141 SE OS ray 
76 | 681 160 19 40 101 1 311 163 32 24 193 — 118 13 19 193 275 
ida ROSOL li olla 622) 0122 str. 290) 183" =7SemetOm 59: = 101 2 72 159 — 
TOmeeo7 8) ©2360) *) 1173. 9113) nde Ome 745 3y wiNaw* < 281 4 7 —-— — 
79 | 676 182 1 jie 18a * 435 2488 1694 ore | SA 67 er FIG, 7 
80 | 676 178 tr. 8 18; “Gtryak436 w182 1272238 84 80 62 Oe Te AY XB 
81] 676 153 20 59 139 7 310 168 40 6 84 * 128 64 14 84 276 
S2MINNO 73) 185) 24 160)" s3Simeees 298i 7Sames9l ee tae19) 16 216 B30 COlmerSD 
83 | 669 218 1 39 197 2 166 209 42 iepiss:  * 128: G8) 52 eel 55 
84] 669 101 13 140 150 10270) 2213) 968 eles 2 136 44 92 273 
85 | 667 207 * 176 185 nd. 89 168 58w.Na * . 250 24 206 — 
86 | 666 180 10 31 100 2 310 196 45 8 190 nil 97 -1 49 190 
Simioosme25o | 15083 153) * 121) 175 r84) 10m 7S ~~ 233 -8 69 £75 
88 | 663 165 19 66 84 2 317 175 34 17 168 tr. 133 17. 26 168 277 


127 21 50. 171 
137 41 66 69 


89 663 234 Swear Ue Zone Jol moO) if Sieh aa 
90 | 663 240 7 20 «130 2 279 184 76 O69) = 
91 SOD PRA Et Maes bd + 246020210 SO 5 92 38 e112 56 290 
92 662 188 On 54. 166 4 246 196 68 24 71 * 122 29 88 71 
93 GOl 55 2S tS) 28) © OTM c2ment Om ml iae228) ~ = 80 11 35 228 

8 

* 


94 661 148 9 18) 132 6 284 159 100 25 65 7 105 18 84152. B20 
95 659 zie low 21221 2 194 193 31.24 87 137 39 48 87 
96 Sa) Pil 36 177 67262) 19S ee ies) 110 55 89 39 
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No. 
116 
117 
118 
119 
120 
121 
122 
123 
124 
125 
126 
127 
128 
129 
130 
131 
132 
133 
134 
135 
136 
137 
138 
139 
140 
141 
142 
143 
144 
145 
146 
147 
148 
149 
150 
151 
152 
153 
154 
155 
156 
157 
158 
159 
160 
161 
162 
163 
164 
165 
166 
167 
168 
169 
170 
171 
172 
173 
174 


Locality 


Senftenberg, Austria 
Clemgia, Switzerland 
Kammegg, Austria 
Renfrew Co., Ont. 
Lindenfels, Odenwald 
Gertrusk, Carinthiat 
Arendal, Norway 
Pargas, Finland 
Cullakenee, N. Car.f 
Pargas, Finland 
Stavarnsjé, Norway 
Ristjakko, Lapland 
Iron Hill, Colo. 
Salaja, Ural 
‘Barnaschka-Kudnik’ 
Glen Tilt, Scotland 
Beerberg, Thuringia 
Skuttersundskjar, Nor. 
‘S. Vincent’ 

Glen Tilt, Scotland 
Yokodake, Japan 
Custer Co., Idaho 
Kilimanjaro, E. Africa 
Heum, Norway 

Shoal Creek, N. Car. 
Glenelg, Scotland 
White Mts., N. H. 
Osterskar, Sweden 
Koswinsky, N. Ural 
Montville, N. J. 
Garabal Hill, Scotland 
Tiree, Hebridest 
Garabal Hill 

Square Butte, Mont. 
Glenelg, Scotland 
Linosa, Mediterranean 
Mansjé, Sweden 
Jackson, N. H. 
Almunge, Sweden 
‘Tejedatal’ 

Mte. Somma, Italy 
Hukusinzan, Japan 
Pargas, Finland 
Todtenképfchen, Rhén 
Titianul, Hungary 
Dégo, Oki Is., Japan 
Shabd-zan, Formosa 
‘Isleta-Krater’ 
Cornwall, N. Y. 
Cuttingsville, Vt. 
Stenzelberg, Siebeng. 
S. Vincente, C. Verde 
Copinshay, Orkney 
Dungannon, Ont. 
Stockholm, Sweden 
Madeira 

Shab6-zan, Formosa 
Montreal, Canada 
Kaersut, Greenlandt 
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TABLE 1 (continued) 


Occurrence 


Anorthosite-amphibolite 
Biotite-hornblendite 
Amphibolite 

Limestone contact? 

Gabbro 

Eclogite 

Crystal from syenite 
Limestone contact 
Corundum-serpentine contact 
Limestone contact 
Elaeolite-syenite 
Hornblende-schist 

Metam. limestone with nepheline rocks 
Amphibole-trap-granulite 
Amphibolite 

Glen Tilt diorite 

Diorite 

Elaeolite-syenite 

Essexite 

Coarse appinite 

Amphibolite 

Contact (?)-metam. limestone 
Sodic lavas 

Ho.-feldspar vein with nepheline 
Crystals 

Garnet-amphibolite (altered eclogite) 
Crystals 

Pegmatite 

Anorthite-diorite veins 
Serpentine 

Davainite ‘early’ 

Inclusion in metam. limestone 
Appinitic diorite 
Sodalite-syenite 
Kyanite-garnet-amphibolite 
Volcanic lapilli 

Centre of pyroxene dike 
Nordmarkite 

Umptekite 

Essexitic phonolite 

Crystals 
Sodalite-nepheline-syenite 
Limestone contact 
Hornblende-basalt 
Pla.-garnet-quartz-biotite-amp’te. 
Basaltic dike 
Hornblende-andesite 

Volcanic bomb 

Cuartz-felspar aggregate 

Ho. syenite with nepheline rocks 
Andesite 

Foyaite 
Hornblende-monchiquite 
Nepheline-syenite 

Pegmatite 

Trachy dolerite 
Hornblende-andesite 
Coarse-grained essexite 
Crystal 


Authors 


Morozewicz 

Hezner, 1909 
Marchet 

Barnes 

Kunitz 

Koritnig 

Kunitz 

Laitakari 

Genth 

Laitakari 

Kunitz 

Kulling 

Billings 
Loewinson-Lessing 
Kunitz 

Deer, 1938, no. 1 
Kunitz 

Kunitz 

Kunitz 

Deer, 1938, no. 2 
Tsuboi, 1935 
Shannon 
Washington & Merwin 
Brégger 

Kunitz 

Alderman 

Kunitz 

Geijer 

Duparc & Pearce, 1903 
Eakins 

Nockolds, 1940 
Unpublished 
Nockolds 1940 
Lindgren & Melville 
Tilley, 1937 
Washington, 1908, p. 192 
Eckermann 

Billings 

Quensel 

Kunitz 

Penfield & Stanley, p. 41 
Harada, p. 283 
Parsons 

Galkin 

Vendl, 1932 

Tomita 

Ichimura 

Kunitz 

Weidman, 1903 
Eggleston 
Rammelsberg 
Kunitz 

Flett 

Walker 

Geijer 

Kunitz 

Ichimura 
Harrington 

Gossner & Spielberger, p. 121 


(a) 
Si 
642 
642 
640 
638 
638 
637 
637 
636 
636 
635 
635 
635 
635 
632 
631 
631 
630 
629 
629 
629 
628 
627 
622 
622 
620 
619 
618 
618 
618 
618 
616 
614 
614 
614 
613 
610 
610 
610 
609 
607 
607 
606 
604 
603 
602 
600 
599 
599 
598 
598 
598 
597 
597 
597 
596 
595 
595 
595 
593 


Al 
259 
189 
217 
178 
193 
238 
209 
223 
292 
214 
201 
231 
185 
306 
227 
178 
209 
218 
223 
206 
219 
209 
220 
199 
210 
233 
191 
222 
198 
292 
200 
275 
211 
309 
294 
174 
260 
237 
206 
218 
235 
245 
254 
248 
325 
251 
210 
226 
231 
250 
265 
224 
296 
284 
269 
230 
195 
257 
196 


16 
5 
56 
12 
79 
33 
46 
13 
13 
3 
14 
62 
14 
12 
48 
35 
$2 
116 


Fe’” 


108 


137 


105 


131 


117 
137 
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TABLE 1 (continued) 


Mg 
256 
404 
210 
167 
255 
328 
251 
305 
350 
410 
143 
167 
350 
252 
310 
257 
276 
137 
278 
305 
252 

34 
315 
225 
136 
316 

53 

70 
269 
411 
323 
310 
251 

60 
259 
280 
382 

53 

33 
222 
262 

36 
399 
264 
183 
247 
315 
291 

46 
170 
254 

95 
218 

53 

98 
303 
231 
294 
281 


Ca 
180 
174 
210 
177 
181 
175 
176 
190 
189 
197 
173 
170 
153 
157 
187 
182 
197 
173 
198 
185 
173 
197 
192 
196 
168 
185 
155 
170 
201 
196 
185 
204 
184 
180 
172 
196 
212 
170 
169 
201 
198 
165 
203 
194 
161 
174 
187 
194 
184 
209 
205 
187 
202 
164 
161 
199 
220 
190 
176 


Na 
61 
49 
47 
82 
39 
88 
48 
58 
61 
38 

110 

110 

130 
88 
54 
29 
Si 

111 
60 
31 
64 
38 
92 
96 
98 
19 

117 
72 
70 
62 
58 
40 
$3 
91 
47 
63 
56 
57 
65 
68 
$1 

110 
65 
61 
52 
75 
70 
66 

101 
98 
33 

105 
49 
91 
40 
81 
29 
90 

111 


K 
12 


=) 


* * #£#DO # & # 


Ri” 
in Y 
132 
126 
157 
148 
94 
122 
105 
97 
136 
69 
123 
172 
97 
173 
97 
103 
126 
141 
189 
135 
140 
118 
188 
214 
102 
139 
157 
129 
167 
118 
112 
144 
128 
198 
152 
274 
97 
176 
127 
222 
134 
188 
89 
245 
231 
261 
206 
201 
145 
147 
186 
186 
264 
194 
140 
197 
187 
189 
227 


100 


115 
124 


111 


114 


110 
141 


106 


114 
109 


114 


85 


86 


No. 


175 
176 
177 
178 
179 
180 
181 
182 
183 
184 
185 
186 
187 
188 


189 
190 
191 
192 
193 
194 
195 
196 


Do. recalculated with addition of 1% F 


Locality 


Grosspriessen, Bohemia 
Mt. Wati, Uganda 
Bilin, Bohemia 
Uturyété, Korea 

L. Balaton, Hungary 
Seigertshausen, Hesse 
Ditro, Transylvania 
Lukow, Bohemia 
Lukow, Bohemiat 
Dungannon, Ont.t 
Y6d6d6, Korea 
Kaersut, Greenland 
Fuerte Ventura, Canary 
Mt. Royal, Canada 


Hydrous amphiboles 


Kashinskaya, Ural 
Gabbi, Lapland 
Bracken Creek, N. Z. 
Goryczkowi Poéredni 
Lieserschlucht, Carin. 
Mortojakko, Lapland 
Start, Devon 

Pavone, Piedmont 


Name 


Ho, 
Ac. 

Am. 
Ho. 
Ho. 

Hy. 
Ho. 
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TABLE 1 (continued) 


Occurrence 


Tephrite 
Biotite-hornblende-tonalite-gneiss 
Crystals 

Volcanic ejectamenta 
Tuff-breccia 

Large phenocrysts in basalt 
Elaeolite-synenite pegmatite 
Crystal 

Crystal 

Nepheline-syenite 

Crystal 

Plagioclase and alk.-felsp. 
Essexite 

Dioritic phase in essexite 


* 

Uralite-porphyrite 
Actinolite-schist 

Diorite 

In clefts in eclogite 
Amphibolite 
Amphibole-talc-chlorite-schist 
Hornblende-gabbro 


Effect of error in water and fluorine 
Analysis no. 173 above 


Do. recalculated with addition of 1% H:O 
Difference 


Difference 


REFERENCES 


Authors 


Kunitz 

Groves 

Penfield & Stanley, p. 47 
Harada, p. 282 

Vendl, 1924 

Trenzen 

Mauritz 

Kreutz, p. 958 

Kawano 

Adams & Harrington 
Kawano 

Washington, 1908, p. 198 
Kunitz 

Bancroft & Howard 


Belyankin & Donskaya 
Kulling 

Hutton, 1940, p. 15 
Weyberg 

Heritsch 

Kulling 

Kennedy & Dixon 

Van Horn 
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LARGE MAGNESIA-RICH TRIPHYLITE 
CRYSTALS IN PEGMATITE 


CARLETON A. CHAPMAN, 
University of Illinois, Urbana, Illinois. 


ABSTRACT 


Crystals of triphylite, up to several inches across, occur in a quartz-albite pegmatite at 
Newport, New Hampshire. The forms c {001}, {010}, and m{110} are present on all crys- 
tals. The form /{120} is usually present but ¢{021} and {031} are less commonly observed. 
A new form, probably {121}, was observed on one crystal. A chemical analysis shows a 
high FeO: MnO ratio and reveals the presence of 7.38 per cent MgO. This abnormally high 
content of MgO is believed to account for the relatively low indices of refraction, and 
probably also for the low specific gravity of the material. Curves showing the variation in 
composition and optical properties of the lithiophyllite-triphylite series (modified after 
Winchell) are given and discussed. 


INTRODUCTION 


Large crystals of triphylite in a pegmatite occur near the town of New- 
port, New Hampshire, at an abandoned feldspar working which is known 
locally as the ‘Smith Mine.” The location (72° 15’ 00’” West Longitude 
and 43° 21’ 27” North Latitude), at the boundary of the Claremont and 
Sunapee, New Hampshire quadrangles, is about 43 miles west of Newport 
village. The “‘mine”’ is easily reached by the dirt road on the south side 
of Sugar River, between Claremont and Newport. 


CountRY Rock 


The country rock into which the pegmatite is intruded is composed of 
metamorphosed sediments of the Littleton formation (Lower Devonian). 
The rock immediately surrounding the pegmatite is a medium-grained 
to coarse-grained schist composed essentially of quartz, muscovite, and 
biotite. Minor constituents are sillimanite, staurolite, garnet, oligoclase, 
apatite, chlorite, magnetite, and zircon. Locally, however, sillimanite or 
staurolite constitute a large proportion of the schist. This mineral as- 
semblage places the rock in the transitional zone between middle and 
high grade metamorphism. 

Schistosity and bedding are parallel and both structures strike roughly 
north-northeast and dip 20 to 35 degrees to the east. 

The schist has been replaced by black tourmaline, muscovite, and al- 
bite in a zone extending a few inches from the contact with the pegmatite. 
The planar distribution of tourmaline, which was determined by the 
schistosity, gives the rock a distinct banded appearance and a gneissic 
structure. Megascopic study indicates that tourmaline was the only min- 
eral introduced in any quantity, but microscopic examination (1, p. 378) 
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shows albite and muscovite to have replaced the rock also in considerable 
amounts. 


PEGMATITE 


The pegmatite intrudes the mica schist as an easterly dipping, tabular 
body with contacts essentially concordant with the.bedding and schistos- 
ity of the country rock. Locally tongues or apophyses from the main 
pegmatite cut across the schistosity or displace it considerably. The maxi- 
mum thickness of the pegmatite exposed is 20 feet; and the outcrop of the 
body, though somewhat irregular because of the low dip, extends at least 
300 feet parallel to the strike. 

Xenoliths of schist are common and range from a few inches to a few 
feet across. These, in many cases, show the effects of replacement like 
the schist wall-rock. The boundaries are generally indistinct and the in- 
clusion may grade imperceptibly into the pegmatite. 

No exhaustive study of the mineralogy and paragenesis of the pegma- 
tite was made. Albite (some cleavelandite) and quartz constitute most of 
the mass; potash feldspar is notably absent. Muscovite and black tour- 
maline are present in smaller quantities, whereas triphylite and its 
alteration products, garnet, and biotite occur only locally. According to 
Landes’ classification (2, p. 96) the pegmatite is of the complex, quartz 
diorite type with lithium and phosphate phases. 

The pegmatitic material is believed to have come originally from the 
extensive body of Bethlehem gneiss (late Devonian) which lies immedi- 
ately to the east. This large body of gneiss, known as the Mt. Clough 
pluton, was the source of hundreds of similar pegmatites many of which 
have long been famous for mineral collecting and as sources of feldspar 
and mica. The large and numerous pegmatites of Orange, Grafton, and 
Acworth may be included here. 


TRIPHYLITE 


Crystal Habit. Triphylite occurs most characteristically in euhedral 
crystals up to four inches long. The most perfect crystals, however, aver- 
age about an inch in length. Though many specimens show well-formed 
crystals, in most cases curved and twisted faces are present. T his defor- 
mation is much more common and pronounced on faces in the vertical 
zone [001]. Such irregularities may be due in part to uneven growth, but 
it seems apparent that they are more properly the result of slight shearing 
in the pegmatite itself. In several crystals the external aspect of ortho- 
rhombic symmetry has been destroyed and the deformed crystals appear 
monoclinic. As a result of this deformation the basal pinacoid in several 
crystals was found to be shoved as much as 15 or 20 degrees from its 
original position. 
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It was found impossible to isolate complete crystals from the quartz- 
feldspar matrix as the mineral was so easily shattered. It was possible, 
however, to isolate crystals sufficiently complete to measure their inter- 
facial angles. The simple Penfield contact goniometer was used because 
none of the material was suitable for reflection work. This instrument 
proved quite satisfactory in the attempt to determine the crystal faces 
present. 

The forms universally present and usually equally developed are 
c{001}, m{110}, and 6{010}. A great number of.crystals also show poorly 
developed /{120} faces, but on many this form is as perfect as any other. 


<n 


Fic. 1. Typical crystal of triphylite from Newport, New Hampshire, showing 
the forms c{001}, b{010}, {110}, 7{120}, and e{021}. (Dana orientation). 


Fic. 2. Triphylite crystal from Newport, New Hampshire, showing the forms {001}, 
{010}, m{110}, 7{120}, «{021}, 2{031}, and a new form, probably {121}. (Dana orienta- 
tion). 


Faces of the e{021} form were found on several crystals (Fig. 1) but 
n{031} was observed on only one (Fig. 2). Two small pyramid faces, one 
clearly developed, were discovered on a somewhat deformed crystal, 
possessing faces of all the above mentioned forms. No letter has been as- 
signed to this form in Fig. 2. The most careful measurements indicate the 
symbol is probably {121}. As far as the writer is aware this is the first 
pyramid form to be reported for triphylite. In no case were faces of the 
forms w{102}, e{101}, or »{302} observed. The triphylite, therefore, 
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shows six of the nine forms heretofore reported for the species, and in 
addition reveals the presence of a new form, probably {121}. 
The relationship between the Dana and Goldschmidt settings for 


triphylite is shown by the following table: 


Dana Goldschmidt Occurrence on Newport triphylite 
c{001} P {001} universally present 

b{010} M {010} universally present 
m{110} T {210} universally present 

1{120} 1{110} usually present 

€{021} o{011} observed on several crystals 
n{031} n{032} observed on one crystal 
w{102} w{102} not observed 

e{101} u{101} not observed 

v{302} v{302} not observed 

{121} {111} probably new form 


Physical Properties. A perfect cleavage parallel to {001} is always 
present on the triphylite, but the less perfect cleavage parallel to {010} 
is not so easily observed on all specimens. The prismatic cleavage {110} 
is good in some cases but is recognized only with difficulty on most 
crystals. By noting the cleavages, large mineral fragments may be readily 
oriented without the aid of crystal faces. The fracture of the triphylite is 
uneven to subconchoidal. The hardness of 4 is slightly less than generally 
reported. The specific gravity of the purest material was determined both 
by means of a chemical balance and the Berman torsion microbalance. 
The average value was found to be 3.44. The luster is resinous to vitreous 
on fresh surfaces but is readily dulled upon exposure to air. Unaltered 
material is green and nearly transparent when unfractured. The streak 
is colorless. 

Much of the material is unsuitable for optical work due to the numer- 
ous fractures and alteration products. The following optical data, how- 
ever, were obtained from fresh material. The indices of refraction and 
optic angle were determined for sodium light. 


a=1.675 dispersion strong 
B= 1.684 r<v 

y= 1.685 X=c 

optically negative Y=a 

2V=25° Z=b 


Microscopic cavities nearly filled with liquid are extremely abundant 
in some specimens of triphylite. In many cases these are rectangular 
in cross section, but most commonly they are curved or very irregular. 
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Fic, 3. Variation in composition and optical properties of the lithiophyllite-triphylite series. 

1—Landes, Am. Mineral., 10, 382 (1925). 

2 and 3—Penfield and Pratt, Am. Jour. Sci., [3], 50, 389 (1895). 
4—Berman and Gonyer, Am. Mineral., 15, 377 (1930). 
5—Landes, Am. Mineral., 10, 382 (1925). 

6—Penfeld and Pratt, Am. Jour. Sci., [3], 50, 389 (1895). 
7—Quensel, Geol. Foren. Forhandl. Stock., 59, 77 (1937). 
8—Penfield and Pratt, Am. Jour. Sci., [3], 50, 389 (1895). 
9—Wherry, U.S. Nat. Mus., Proc., 49, 466 (1915). 
10—Switzer, Am. Mineral., 23, 811 (1938). 

11 and 12—Makinen, Bull. Geol. Com. Fin., 35, 96 (1913). 
13—Penfield and Pratt, Am. Jour. Sci., [3], 50, 389 (1895). 
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Chemical Composition. The optical properties of the triphylite from 
Newport did not check well with those of analyzed specimens. According 
to the curves in Fig. 3, which is a modification after Winchell (3, p. 150), 
the optical character, 2V, and orientation of the Newport material indi- 
cate 80 per cent LiFePO, (about 36 per cent FeO) but the indices of 
refraction do not fit the curves well at all. This suggested something 
peculiar about the chemistry, as did the low specific gravity of the ma- 
terial (Fig. 4). It seemed advisable, therefore, to have a rather complete 
analysis of the material made. This was done, on carefully selected ma- 
terial, by Mr. Justa M. Lindgren in the Applied Chemistry Testing 
Laboratory at the University of Illinois. The analysis is as follows: 


P20; 46.03 
Fe.O3 0.00 
FeO 32.93 
MnO Syl 
MgO 7.38 
CaO 0.00 
Na,O 1.05 
Li,O 8.36 
K,0 0.45 
SiO. 0.33 
Al,O3 3.19 
H,O+ 0.57 
H,O0— 0.20 

103.60 


The analysis indicates the Newport triphylite to be unusual in several 
respects. As far as the writer is aware, this material is the lowest in MnO 
of any yet reported. More important and unusual than this, however, is 
the high content of MgO. Few analyses of specimens of this series show 
more than 1 per cent MgO and only two were found in the literature with 
more than 2 per cent MgO. One of these (2.39 per cent MgO) is an old 
analysis on triphylite from Bodenmais (4, p. 436) but is not accompanied 
by optical data. The other (2.30 per cent MgO) is on triphylite from near 
Grafton, New Hampshire (5, p. 466). This analysis is more recent and is 
accompanied by optical data. Most of the chemical analyses of material 
studied optically in detail show no determination for MgO. Perhaps only 
a trace of MgO is present in these specimens; yet we are not certain. 

It is believed that the high content of MgO in the Newport material 
will explain why such an iron-rich triphylite has such low indices of re- 
fraction. Similarly it may explain the low specific gravity. 

The reason for such a high percentage of alumina in the analysis is not 
clear at present. It cannot be due to contaminating feldspar because of 


the low silica content. 
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SPECIFIC GRAVITY 
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PERCENT OF FEO 
Fic. 4. Variation in composition and specific gravity of the lithiophyllite-triphylite series. 
1-5—Zambonini and Malossi, Zeits. Krist., 80, 449 (1931). 
6 and 7—Brush and Dana, Zeits. Krist, 2, 546 (1878). 
8—Penfield, Am. Jour. Sci., [3] 26, 176 (1883). 
9—Penfield, Am. Jour. Sci., [3] 17, 228 (1879). 
10—Penfield, Am. Jour. Sci., [3] 26, 176 (1883). 
11—Walker, Contr. to Canad. Min., 10 (1931). 
12—Quensel, Geol. Foren. Férhandl. Stock., 59, 77 (1937). 
13—Penfield, Am. Jour. Sct., [3], 17, 226 (1879). 
14 and 15—Penfield, Am. Jour. Sci., [3], 13, 425 (1877). 
16—Penfield, Am. Jour. Sci., [3], 17, 226 (1879). 
17—Wherry, U.S. Nat. Mus., Proc., 49, 466 (1916). 
18—Triphylite from Newport, New Hampshire. 
19—Penfield, Am. Jour. Sci., [4], 9, 20 (1900). 
20—Penfield, Am. Jour. Sci., [3], 17, 226 (1879). 
21 and 22—Oesten, Pogg. Ann., 107, 436 (1859). 


In Fig. 3 the writer has prepared curves, modified after Winchell (3, p. 
150), on the optics of the lithiophyllite-triphylite series, making use of all 
recent data. The optic angle curve was originally constructed by Penfield 
and Pratt (6, p. 390) and later modified by Winchell. It is presented again 
in Fig. 3 with additional data. This curve appears to be more reliable than 
the index curves for determining relative proportions of the two end 
members of the series. The index curves of Fig. 3 (slightly modified after 
Winchell) are constructed making use of more recent data. Though not 
very accurate, these curves do show what was noted years ago by Penfield 
and Pratt (6), that with an increase in FeO there is an increase in indices 
of refraction. An increase in FeO also changes the optic angle and orienta- 
tion, and the series passes twice through the uniaxial condition. 

It has already been mentioned that most of the chemical analyses of 
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material studied optically in detail show no determination for MgO. This 
is particularly true of the several analyses by Penfield and Pratt (6) where 
determinations were made only for FeO and this percentage weight sub- 
tracted from 45.3 (the mean percentage weight of bivalent oxides) to ob- 
tain the amount of MnO present. It is obvious that such a procedure can 
no longer be considered as even approximate for determining the ratio of 
FeO to MnO, because MgO may be present in large amounts. It is nec- 
essary to determine at least two of the oxides and desirable to know three 
because calcium may be present in considerable amounts. In other words 
a complete analysis is highly desirable. 

The relationship between specific gravity and FeO content of the 
lithiophyllite-triphylite series is shown in Fig. 4..The values shown for 
pure LiMnPO, (artificial) were determined by Zambonini and Malossi 
(7, p. 449) to be 3.334 to 3.34 for the purest crystals. Artificial crystals 
containing black inclusions gave higher values (3.35-3.39). Other points 
in the graph represent the various data collected from the literature. The 
distribution of points in the graph shows a general increase in specific 
gravity with FeO content. The curve gives the general picture but can- 
not be considered as very accurate. Several points fall far below the 
curve. It is not at all clear why the triphylite represented by number 12 
in Fig. 4 should have so much FeO and yet so low a density. As already 
suggested, the low specific gravity of the Newport material (number 18) 
might be explained by the high MgO content. Perhaps to a lesser degree 
the numerous liquid inclusions in the Newport triphylite help to ex- 
plain its low specific gravity. 

The chemical analysis of triphylite from Newport shows the unnamed 
member LiMgPO, to be present in a relatively large amount. Not enough 
data are available to construct optical curves for the three component 
system LiFePO,-LiMnPO,-LiMgPO,. We can conclude, however, that 
whereas FeO increases the indices and specific gravity, MnO and MgO 
decrease these values. Furthermore, MgO appears to be more effective in 
reducing the indices and specific gravity than MnO. 

Alteration. Where exposed to surface weathering, triphylite alters read- 
ily to a brownish material, probably composed of the oxides of iron and 
manganese. A much more common and uniformly distributed alteration 
product of triphylite is vivianite. This occurs in tiny irregular stringers 
cutting the triphylite, and as film-like layers along the basal cleavage 
fractures. The vivianite is deep blue and is so intimately distributed that 
it imparts a distinctive blue color even to very small fragments of the 
green triphylite. It is also found in streaks and films penetrating and coat- 
ing quartz, albite, and muscovite. 
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The optical properties of the vivianite were determined to be as fol- 
lows: 


a=1,580 r<v 

B=1.602 X =deep blue 

v= 1.632 Y =colorless 

optically positive Z=pale olive green 

2V =ca. 80° X Lperfect cleavage {010} 
dispersion moderate Z/\poor cleavage {100} =ca. 29°. 


These data compare very closely with those given by Larsen for vivianite 
from Mullica Hill, New Jersey (8, p. 160). 

No chemical analysis of the vivianite was made because of the impuri- 
ties and lack of sufficient material. 
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A GRAPHICAL INTERPRETATION OF X-RAY DIF- 
FRACTION DATA USING POLAR CO-ORDINATES 


WILLIAM C. WHITE, 
National Institute of Health, Washington, D.C. 


When the symmetry of the crystal studied by the Debye-Scherrer 
powder diffraction method is unknown or is incompletely known, it is 
sometimes advantageous to use graphical methods as introduced by Hull 
and Davey.! Even in the simple case when applied to crystals of the cubic 
system, the preparation of the graph for values of the unit parameter as 
a function of the angle of diffraction involves considerable labor. The 
form of Bragg relation, n\=2d sin 6, suggests the use of polar co-ordi- 
nates. 

For crystals of the cubic system, 


d x 
MPF REE 


and the Bragg equation may be rewritten: 


Com: Oe 
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sin’ d= (1) 
ao 


where, in the usual notation A is the wave length of the incident radiation, 
h, k, and / are the Miller indices of the reflecting planes, m is the order of 
reflection, a the unit cell spacing and @ is } the angle between the inci- 
dent and the diffracted beam. 

Let ao be the polar distance from the origin (radius vector) of a polar 
co-ordinate system and let @ be the angular co-ordinate. Then sin 


6=y/ao, where y is the perpendicular distance above the axis 9=0° 
i.€., do is the hypotenuse and y is the side opposite the angle 6 in a right 


triangle. From equation 1, 


x pat 1 
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The value of y can therefore be calculated for all possible values of 
J+ +2-n at two points and plotted by connecting these points with 
a straight line. Or in a more simple manner by plotting y at @=90° where 
from equation 1, 


1 Hull, A. W., and Davey, W. P., Phys. Rev., 17, 549 (1921). 
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Then lines can be drawn parallel to the axis @2=0° from these points. 
Table 1 gives the values of y at 9=90° for the values of #, k, and / used in 
the accompanying illustrations and for CuKa, radiation (A= 1.5374 A). 


TABLE I 
ya VP+R+? 

(hkl) VP+R+P y 
100 V/1 0.769 
110 V/2 1.087 
111 V3 15331 
200 V4 1537 
210 Vd 1.719 
211 V6 1.883 
220 V8 2.174 
22M V9 2.306 
310 /10 2.431 
311 Vil 2.549 
222 /12 2.663 
320 V/13 Deis 
321 VJ 14 2.875 
400 V16 3.074 
410 V17 3.169 
411 V/18 3.261 
331 V19 3.350 


In preparing the graph, only one quadrant of the polar co-ordinate 
system is used. In practice the polar distances (ao) and the horizontal 
lines for the values of \/2\/#2?+22+2-n may be drawn on tracing paper. 
Fig. 1 shows a portion of the graph with the indices of the reflecting 
planes designated at the right. 

For the diffraction pattern studied, the angular values of 6 are plotted 
on a separate sheet of paper. Figure 2 is a plot of the diffraction pattern of 
NiO from values of @ taken from a pattern obtained with a commercial 
x-ray diffraction unit, using the ‘powder wedge” technique. The graph 
on tracing paper is placed over this sheet and the different values of 6 plot- 
ted will intersect the values of \/2\V/#?2+k?+2-n at some constant polar 
distance do as shown in Fig. 3 where the values of @ in Fig. 2 intersect the 
horizontal lines of Fig. 1 at a constant value of ao at approximately 4.18 
which is in close agreement with the accepted value of 4.17.2 


? Wyckoff, R. W. G., The Structure of Crystals, Chemical Catalog Co., Inc., New York, 
Second Edition (1931), p. 227. 
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Fic. 2. Graphical representation of the values of 0 from the powder diffraction pattern 
of NiO. The values of 6 from a powder camera of 14.32 cm. diameter with Cux, radiation 
(A= 1.537 A) are: 18.6°, 21.6°, 31.4°, 37.7°, 39.7°, 47.5°, 53.4°, 55.4° and 64.4°. 
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Fic. 3. Solution of the diffraction pattern of NiO giving a value of ao at 4.18 A. 


By noting which values of the expression \/2\/#2+22+22:n must be 
omitted to give a constant value of do, the space lattice may readily be 
determined. For example, reflections occur for all values (h, k, /) for a 
simple cube, (A, k, /) all even or all odd for a face-centered cube, A+k+/ 
even for a body-centered cube. In the case of NiO illustrated in Fig. 3, 
it is seen that reflections occur for values of (h, k, 1) equal to (111), (200), 
(220), (311), (222), (400), (331), etc. This, of course, corresponds to the 
reflections of a face-centered cubic lattice. 

Although this polar co-ordinate method does not directly give a unique 
solution to other than cubic crystals, it is useful in the interpretation 
of tetragonal and hexagonal crystals. For instance, it is possible to draw 
graphs for (h, k, 0) planes and by omitting some values of @ to obtain 
constant values of ao. These give an indication of the possible values of 
the lattice constants which can be checked mathematically. The writer 
is attempting to extend the usefulness of this method to other crystal 
systems. 


IDENTIFICATION OF THE OPAQUE MINERALS BY 
ELECTROCHEMICAL METHODS 


DANIEL V. DopceE, 
University of Wisconsin, Madison, Wisconsin. 
ABSTRACT 


A relatively large group of species fail to react with the etching reagents which are used 
in the standard methods of identification of opaque minerals. This group may be subdivided 
by the electrolyzation of a drop of etch reagent on a polished surface of the mineral. ‘The 
results obtained with electrolyzation by means of both alternating and direct currents are 
presented. 


INTRODUCTION 


Opaque minerals in polished section are commonly identified by ap- 
plying a drop of reagent to the surface of the mineral grain and noting 
whether or not the grain has been etched or otherwise affected. By 
application of a standard set of reagents in consecutive order it is thus 
possible to place any mineral in a particular group. Useful tables for this 
method of identification have been compiled by numerous authors.* 

Each of these tables contains a sizable group of minerals which do not 
respond to any of the reagents, or if they do respond, their reactions are 
only faint and indefinite. 

The purpose of the work described in this paper was to devise a 
method of subdividing this group of resistant minerals. This can be done 
in one, or both, of two ways: (1) By getting the mineral into solution in 
some manner, so that microchemical tests can be carried out to determine 
its constituent elements; or (2) by producing distinctive stains or etch 
patterns on certain minerals, thus distinguishing them from others which 
refuse to react. 

To accomplish these results, an electric current was passed through 
the drop of reagent on the mineral surface. Some of the minerals tested 
in this manner went into solution readily, whereas their solubility in the 
reagent is negligible if no current is applied. Examples of this type are 
cassiterite, franklinite, sphalerite, and chalcopyrite. Microchemical tests 
could then be applied to determine the elements present. 


* Murdoch, Joseph, Microscopic Determination of the Opaque Minerals, New York, 
1916. 

Davy, Myron W., and Farnham, C. M., Microscopic Examination of the Ore Minerals, 
New York, 1920. 

Schneiderhohn, H., Anleitung zur Mikroscopischen Bestimmung und Untersuchung 
von Erzen und Aufbereitungsprodukten, Berlin, 1922, 

Schneiderhéhn, H., and Ramdohr, P., Erzmikroskopische Bestimmungstafeln, Berlin, 
1931. 

Short, M. N., Microscopic Determination of the Ore Minerals, Bull, 914, U.S. Geol, 
Survey, 1940. 
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Some minerals stained readily and distinctly. Intergrowths of franklin- 
ite and magnetite can be brought out by this staining procedure. 
Franklinite will stain a brownish-black when an alternating current is 
passed through either HNO; or HCl, while any intergrown magnetite 
will remain unaffected. Hematite can be distinguished from ilmenite, in 
that hematite can be stained by passing a direct current through a drop 
of KCN on the mineral surface, whereas ilmenite is negative to all of the 
reagents used, both with alternating and direct currents. 


Previous WorRK 


The first mention of the use of electrolysis in the identification of 
opaque minerals, so far as the writer can find, was that by Davy and 
Farnham,! who described reactions with some of the copper minerals. 
Schneiderhéhn? employed electrolytic etching, but rather for the purpose 
of bringing out textures of minerals than for identification. McKinstry*® 
described results of electrolytic staining and etching on most of the 
common and a few of the rare minerals, but did not investigate all of the 
minerals of the group listed in the standard texts as “‘negative to all re- 
agents.”’ Of those which he tried, all but sphalerite gave negative results 
with a direct current of low voltage. In the present work additional 
minerals have been investigated, and higher voltages were used with both 
alternating and direct currents. 


PROCEDURE 


The work carried on consisted of observing the effects of electrolyzing 
a drop of the standard etch reagents while in contact with a polished 
surface of the mineral. The method used is essentially the same as de- 
vised by McKinstry, except that the present scheme avails itself of the 
effects produced by both alternating and direct currents, whereas the 
former was concerned with direct current only. Also a slightly higher 
voltage (between four and six volts) was used in view of obtaining more 
determinative results with less time. 

The apparatus (Fig. 1) consists of a pair of platinum wires which are 
sealed into a six-inch section of two-holed, one-quarter inch, porcelain 
insulating tubing, one wire in each hole. The platinum wires are con- 
nected within the tube to a pair of lead-out wires. When used with direct 
current, these lead-out wires are connected to wires which originate at 
three dry cells and pass through a reversing switch. This arrangement 

1 Davy, Myron W., and Farnham, C. M., op. cit., p. 9. 

2 Schneiderhéhn, H., of. cit., p. 120. 


* McKinstry, H. E., Magnetic, electrochemical, and photochemical tests in the iden- 
tification of opaque minerals: Econ. Geol., 22, 830 843 (1927). 
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allows either of the poles to be made positive or negative. When used 
with alternating current, the lead-out wires are connected to a six-volt 
step-down transformer. By connecting light bulbs of various wattage 
into the primary circuit, the voltage can be decreased to suit the needs. 
The tube is mounted on a ring stand or other holder in such a manner as 
to be free to rotate on its longitudinal axis, as well as being free to swing 
in and out beneath the microscope objective. 


S LIGHT BULB 


INSULATING TUBING 
INSULATING TUBING 


AC 
ELECTRODES INLET 
DIRECT CURRENT ALTERNATING CURRENT 


Fic. 1. Diagram of Apparatus. 


Unless otherwise indicated, the tests consisted of immersing the elec- 
trodes into a drop of the etch reagent until they made a firm contact with 
the mineral surface. In most instances, the current was passed through 
this circuit for a period of two minutes. If a time other than that just 
indicated was used, it will be specifically noted. 

In some cases an attempt was made to stimulate the reactions by heat- 
ing the electrolyte. To accomplish this, the electrodes were ‘‘arced.”’ That 
is, the two platinum wires were bent so as to contact each other. They 
then became red-hot, and formed a convenient method of heating the 
reagent. However, though this procedure seems to offer possibilities, 
it was not thoroughly investigated. 

The reagents used throughout the course of this work are the same as 
those described by Short.‘ 

The technique of making the microchemical tests for the elements is as 
follows: After the current has been passed through the electrolyte for the 


4 Short, M.N., op. cit., p. 184. 
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desired time, the electrodes are removed. The reagent which remains on 
the polished surface (hereafter referred to as the residues of staining) is 
drawn up with a capillary tube, and transferred to a clean glass slide. The 
desired tests are conducted on the solution. 
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BEHAVIOR OF MINERALS 
CASSITERITE 
AC—HNO;—A slight stain, mostly water soluble. 
HCl—Mineral lightened to a cream color in places. Some stains are gray in center 
and are surrounded by blue and brown zones. 
KCN—Some areas stain light brown. Not dependable. 
FeCl;—Small light brown stain where electrodes made contact. 
KOH—Negative. 
HgCl,—White deposit on specimen. 
DC—HNO;—Negative. 
HCI—A smoky brown stain with a pit where the electrodes made contact. Brings 
out scratches (polishing?) on mineral surface. 


KCN-—Stain is brown on outer edges. Sometimes dark gray, sometimes blue in 
center. 


FeCl;—A small brown to iridescent stain under the anode. 
KOH—Negative. 
HgCl,—A brown to black stain. 


Tests for tin, by means of cesium chloride, with the residues of the HCI stain proved 
faint. 


CHALCOPYRITE 


AC—HNO;—(30 seconds) A zoned, brilliantly iridescent stain surrounding two black 
pits where the electrodes made contact. 
HCI—(30 seconds) A brilliant, differentially iridescent stain surrounding two 
black pits where the electrodes made contact. 
KCN—(10 seconds) A brown stain surrounding two black pits where the elec- 
trodes made contact. 


FeCl;—(10 seconds) Two stains; black to gray in the center, surrounded by jagged 
iridescent zones. 

KOH—(10 seconds) Stain is black in center surrounded by zones of blue and gold. 

HgCl,—(10 seconds) Similar to KOH stain, but mainly blue and gold. 

DC—HNO;—(10 seconds) Brilliant iridescent zones under both electrodes. 

HCIl—(10 seconds) Black to iridescent stain, zoned under anode. 

KCN—(30 seconds) Red stain under anode, pit under cathode. 

FeCl;—(30 seconds) Brilliant iridescent stain under anode. 

KOH—(30 seconds) A zoned, brilliantly iridescent stain under anode, iridescent to 
black under cathode. 

HgCl,—(10 seconds) Brilliantly iridescent under both electrodes. 
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Tests for copper by means of potassium mercuric thiocyanate with the residues of the 
HNO; and HCI stains are very strong. However, faint to fair tests for iron and copper can 
be obtained without application of an electric current. 


CHROMITE 


AC—Negative to all reagents. 
DC—Negative to all reagents. 
When the electrodes are arced and applied to a drop of H:SO, on the specimen, 
two small pits surrounded by pale chromatic rings result. 


FRANKLINITE 


AC—HNO;—Brownish black stain. 
HCl—(1 minute) Brownish black stain with pits where electrodes made contact. 
KCN—Smoky brown stain with black pits where electrodes made contact. 
FeCl;—Same as KCN stain. 
KOH—A zoned, brown to iridescent stain around each electrode. 
HgCl,—Black to iridescent stain. 
DC—HNO;—Negative. 
HCl—Negative. 
KCN— Differentially iridescent to black stain. 
FeCl;—Negative. 
KOH—Negative. 
HgCl.—Stain is differentially buff, brown, and black. 

Tests for iron by means of potassium mercuric thiocyanate can be obtained with two 
minute staining without application of an electric current. However, with the application 
of current for one-half minute with AC—HNO; or AC—HCI, a good iron test can be ob- 
tained. 


HEMATITE (Specular) . 


AC—Negative to all reagents. 
DC—HNO;—Negative. 

HCl—Negative. 

KCN—Brown to iridescent stain. 

FeCl;—Negative. 

KOH—Negative. 

HgCl.—After about one-half minute the mineral becomes coated with a white pre- 
cipitate which then seems to arc the current across the mineral surface and 
stain it brown to black. This stain was attempted with the cathode off the 
mineral, but still in the reagent, and the anode in contact with the mineral 
within the drop of reagent. This resulted in a slight stain under the anode, 
while the cathode appeared to pick up metallic mercury. Reversing the posi- 
tion of the electrodes resulted in the usual stain. 


Hematite (Red) 


AC—Negative to all reagents. 
DC—Negative to all reagents. 


ILMENITE 


AC—Negative to all reagents. 
DC—Negative to all reagents. 
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Staining with HgCle produces a faint white coating on the mineral surface. 

Arcing the electrodes in a drop of H2SO, produces a black stain. If borax is 
fused on top of this stain by arcing the electrodes while in contact with the borax, 
the resulting bead is a very pale yellow (hot). 


MAGNETITE 
This mineral is negative to all reagents unless the electrodes make a firm contact with 
the specimen. Under these conditions the mineral surface becomes hot, as do the electrodes, 
and the mineral will stain with any of the reagents, or a heat stain can be produced without 
any reagent. 
AC—HNO;—Two pits where the electrodes contacted, surrounded by a brownish gray 
stain. 
HCl—Similar to HNO; stain. 
KCN—A black stain. 
FeCl;—A small brown stain. 
KOH—Brownish black stain where electrodes made contact, surrounded by a 
zoned, brilliantly iridescent stain. 
HgCl.—Immediate precipitation of a white compound which theme stains black, 
brown, and iridescent. 
DC—Stains similar to AC stains. 
Tests for iron by means of potassium mercuric thiocyanate are very strong with the 
residues of the HNO; and HCI stains. However, faint iron tests can be obtained without 
application of an electric current. 


RUTILE 


AC—Negative to all reagents. 
DC—Negative to all reagents. 


SPHALERITE 


AC—HNO;—Circularly zoned, iridescent stain. 
HCl—Dark gray stain, pitted in the center and with iridescent bands near the 
outer margins. 
KCN—Negative. 
FeCl;—Slight gray stain with pits where the electrodes contacted. 
KOH—Negative. 
HgCl.—Negative. 
DC—HNO;—Slight brown stain. 
HCl—Large brown smoky stain with pits where the electrodes made contact. 
KCN—No stain; brings out mineral cleavage. 
FeCl;—(1 minute) Pit where electrodes made contact, fumes tarnish grayish 
brown, cathode collects black coating. 
KOH—No stain, but a white precipitate develops when water is added to the 
reagent remaining on the mineral surface. 
HgCl,—Fumes stain grayish brown, pit where electrodes contacted. 
Tests for zinc by means of potassium mercuric thiocyanate are very strong with the 
residues of the HNO; and HCI stains. However, faint to good tests can be obtained from the 
residues of staining without application of an electric current. 


WOLFRAMITE 


AC—Negative to all reagents. 
DC—Negative to all reagents. 
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TABLE FOR MINERAL IDENTIFICATION 


DC 
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HCl |HNO; HCl 


PF ae Isotropic 


Chalcopyrite 
Magnetite 
Sphalerite 


Anisotropic 


Chalcopyrite 


Cassiterite 


Franklinite 


Cassiterite 


Chromite 
Hematite 
Magnetite 


CONCLUSIONS 


Hematite 
Ilmenite 
Rutile 
Wolframite 


The results presented here indicate that electrochemical methods offer 
a convenient aid in the identification of minerals of the ‘“‘insoluble group.”’ 
These results are based on a relatively small number of specimens, and 
in order to be thoroughly reliable ought to be checked on material from 
many localities. However, the results are consistent as far as they go, 
and as the writer will be unable to continue the work, he is presenting his 
results in the hope that it will prove useful, and that it will stimulate 


further investigation by others. 
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OCCURRENCE OF SODIC SCAPOLITE AT FALLS OF 
FRENCH CREEK, PENNSYLVANIA 


W. Haroxtp Tomuinson, Springfield, Pennsylvania. 


Most occurrences of calcic scapolites have been found in limestones, 
in zones altered by igneous intrusions. Most of these occurrences were 
originally classified as wernerite, a name used rather loosely to indicate a 
scapolite high in meionite content, or near the calcic end of the series. 
These occurrences have been regarded, on field evidence, as originating 
in the deep seated zone of metamorphism. The associated minerals of 
contemporaneous origin as listed by Dana—pyroxenes, amphiboles, gar- 
nets, etc.—are minerals characteristic of that zone. 

Occurrences of sodic scapolites, however, as reported, are usually found 
in veins or cavities in basic igneous rocks. The field evidence at these 
localities and the minerals associated with the scapolite, suggest an origin 
at shallower depths and under lower thermal conditions than would apply 
to calcic members of the group. 

I have recently had the privilege of examining an occurrence of scapo- 
lite in the quarry of the French Creek Granite Co. at Falls of French 
Creek, Pa. In composition this is sufficiently near the sodic end of the 
series to be classified with the marialites. This scapolite occurs in veins 
cutting across a diabase sill which was intruded in Triassic time. The 
associated minerals are: prehnite, zeolites (chiefly heulandite), sphene, 
epidote, chlorite, and apatite. The field evidence at this locality and the 
minerals associated with the scapolite would indicate that the vein de- 
veloped in the lower belt of the upper zone of metamorphism. The inti- 
mate association of prehnite and heulandite with the scapolite, places the 
three minerals together with respect to the physical conditions under 
which they have formed. 


ORIGIN OF THE FRENCH CREEK SCAPOLITE 


Many of the Triassic diabase intrusions in this district, particularly 
the larger bodies, are cut across their trend by veins of albitic feldspar. 
Such veins may be seen exposed in the quarry at Monocacy, about eight 
miles northwest of Falls of French Creek quarry, and in the same sill. 
As there have been no later igneous injections in the district, and as 
these albitic veins are definitely associated with the diabase, it is a 
reasonable assumption that the filling of the veins was derived from 
residual liquors given off by the cooling basaltic magma. Further evi- 
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dence of this is furnished by the action of the vein liquors on the wall- 
rock. Diabase wall-rock shows only uralitization with some increase in 
sulphide content, but where the veins extend beyond the diabase into 
acid rocks, the walls have been actively attacked, potash feldspar has 
been replaced and quartz dissolved. 

In chemical composition these veins are higher in silica and soda, and 
show higher ignition losses than the diabases containing them. In min- 
eral composition the principal constituents are albite (or a sodic plagio- 
clase) and quartz with a variable amount of calcite and small amounts 
of sphene, epidote, chlorite, and apatite. Some veins contain in addition, 
prehnite and zeolites. 

The scapolite veins at French Creek occupy the same relative position 
with respect to the diabase as do the albitic veins to the diabase at other 
localities in the district. The accessory minerals are the same in the two 
types of veins. The reaction on the diabase wall-rock is the same. In 
chemical composition the two sets of veins are similar, except for the rela- 
tively large chlorine content in the veins at French Creek. (Compare 
columns 2, 3, and 4 with 5 in table of analyses.) 

The scapolite vein is lower in silica and higher in soda than the albitic 
veins, but the high percentage of chlorine in this vein would seem to be 
the principal factor in determining the development of scapolite rather 
than albite at French Creek. 


DESCRIPTION OF THE SCAPOLITE 


The scapolite here described is not the same type of scapolite as that 
mentioned from French Creek in Dana’s Textbook of Mineralogy. The 
latter is listed as wernerite and is said to occur in cavities in hessonite at 
the mines adjacent to the quarry property. 

The scapolite from the quarry of the French Creek Granite Co. is 
colorless and glassy when fresh, becoming a chalky-white on exposure. 
The crystals are long prismatic. The largest found measure 40 mm. by 
5 mm. The ratio of length to width in a number of crystals measured, 
ranged between 8-1 and 5-1. This is a greater elongation than is found 
in calcic scapolites. (Fig. 1). 

Many crystals show zonal growth. This zoning may be repeated sev- 
eral times in a single crystal (Fig. 2). In sections of zoned crystals a core 
showing a gray birefringence color may be bordered by zones showing 
a straw-yellow color; a difference in birefringence of about .003. Exami- 
nation of the indices in sections shows that there is very little difference 
in the indices of the e ray in the various zones. Practically all the differ- 
ence in birefringence is due to variation in the indices of the w ray. Ac- 
cording to A. N. Winchell (Am. Mineral., 9, p. 108), the variation of the 
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w ray of scapolite is a straight-line function of the ratio of Ma molecules 
to Me molecules in the mineral. The application of this principal to these 
zoned crystals indicates that the available soda and lime fluctuated as 
the scapolite crystals grew, and that the percentage of lime tended to 
increase as the reactions by which the scapolite was formed, progressed. 
This may possibly have resulted from a slow attack of the vein liquors 
upon the calcic plagioclase, labradorite, of the diabase walls. 

When the percentage of lime became high enough, prehnite formed 
instead of calcic scapolite. Crystals of scapolite having calcic borders 
are often capped by prehnite and intergrown with prehnite along their 
borders. There is no evidence that any change in physical conditions 


1. Marialite crystals in vug. Falls of French Creek, Pa., X2 dia. 

2. Oblique section of sodic scapolite showing zoning. Crossed nicols, X about 100 dia. 
Crosshairs at 45°. 

3. Cross section of vein showing effect of vein liquors on wall-rock. Natural size. (1) 
scapolite vein; 60-80% scapolite, 20-40% prehnite and zeolites, etc. (2) scapolite and 
amphibole with prehnite and zeolites, etc.; scapolite in excess. (3) amphibole and scapolite; 
amphibole in large excess; sulphides in this zone. (4) uralite and plagioclase. (5) unaltered 


diabase. The accessory minerals sphene and apatite are found in all zones but are most 
abundant in (2) and (3). 
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occurred between the formation of the scapolite and the formation of 
the prehnite. The change in available chemical elements is clearly regis- 
tered in the zoned scapolite crystals, and this would appear the only 
factor determining which of the two minerals would form. The percent- 
age composition at which scapolite ceases to form and prehnite begins, 
under the conditions prevailing in these veins at French Creek, is about 
70 Ma, 30 Me. 

The indices of the French Creek scapolite, measured on broken grains, 
were found to be e=1.542—, w=1.549 to 1.552. All zones are optically 
negative. 

Using Winchell’s diagram, which is based only on the two principal 
molecules, NaCl: 3NaAISi303, and CaCO3:3CaAlsSixOs, these indices 
would indicate that the zones of this scapolite range between 77 and 74 
per cent in Ma content, with some calcic borders a little lower. 

Calculated from chemical analysis the composition would be approxi- 
mately Ma 68, Me 22, KMe and minor molecules 10. 


CHEMICAL ANALYSIS 


1 2 3 4 5 
French Sarpokies Albitic Albitic French 
Creek Vein Vein Vein Creek 
Scapolite Monocacy Safe Harbor Diabase 
SiO. 57.01* 57.30 Wy) 66.80 51.96 
Al.O3 Dect’ OS 14.05 18.00 15.20 
Na20 8.42 7.49* SBS Dee 1.70 
K.O 1.24 SO? os) 42 50 
CaO 5.00 5.40* — — 11.50 
Cl Mee 2.45 (oe or — 
Ign. soe 3.06 — — .30 
FeO — — — — 8.10 
Fe.03 —- —— —— = : 97 
MgO — — — — 8.67 
TiO, = = = — 1.05 


* Calculated from composition of vein (col. 2) determined in sections by grid measure- 
ment to be 90% scapolite and 10% heulandite. 

1. Analysis of separated crystals of scapolite. Includes all zones. 

2. Analysis of scapolite vein, 90% scapolite and 10% heulandite. 

3. Analysis of albitic vein from quarry in diabase at Monocacy, Pa. This quarry is 
about eight miles northwest of the French Creek quarry, but is in the same sill. 

4. Small albitic vein in diabase from quarry at Safe Harbor, Pa. Vein composed of 
oligoclase with about 10% chlorite. 

5. Analysis of French Creek diabase. 

Analyses 1, 2, 3 and 4 by John Herman Laboratories, Los Angeles. Analysis 5 furnished 
by French Creek Granite Company. 
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CONDITIONS AT QUARRY 


The quarry of the French Creek Granite Company has been in opera- 
tion about sixty or seventy years. Engaged originally in the quarrying 
of paving block and curbing, it has during the last thirty-five years been 
quarrying stone for monumental purposes. The quarry is noted for large 
blocks of stone of uniform texture without jointing. The stone is a 
medium-grained diabase of dark color and is very uniform in texture. The 
scapolite veins are narrow, mostly under two inches in width. Several of 
these veins are exposed at present, some extending entirely across the 
quarry. Abundant material is available. 
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BOOK REVIEWS 


STRUCTURAL PETROLOGY OF DEFORMED ROCKS by H. W. FAIRBAIRN, Assist- 
ant Professor of Petrology, Massachusetts Institute of Technology. Addison-Wesley 
Press, Inc., Kendall Square Building, Cambridge, Mass. 1942. Price, $5.00. 


The main reason given by Fairbairn for bringing out a new edition of his text on struc- 
tural petrology at this time is that, ““As much new work has been done recently, a need 
exists for an up-to-date compilation of facts... .’? Two previous editions, as mimeo- 
graphed books, were published by Queen’s University in 1935 and 1937. The announced 
purpose of bringing the factual summary up to date has been accomplished as far as papers 
published in this country are concerned. At least 25% of the 140 papers in the bibliography 
have appeared since 1937. 

Another reason for bringing out a new edition is the belief that there is a need for a 
treatment of the subject in which facts and interpretation are not merely plainly distin- 
guished in the discussion, but actually separated into different parts of the volume. There 
are several ways in which such a separation may be treated, ranging from giving the inter- 
pretation of each bit of data as it is given, to the other extreme of presenting all the observed 
data in one section and all discussion of interpretation in another. 

It appears to the reviewer that a middle course is probably the best, to present a moder- 
ate amount of data followed by a discussion of interpretation, perhaps the known facts of 
orientation for one mineral, followed by possible interpretations of those facts. Fairbairn 
elects to go to the extreme of complete separation, which is not desirable for a text or refer- 
ence book. It is not possible for a student to hold in mind all the facts presented in Part I 
while reading the theoretical discussions of Part II. Shuttling back and forth from one part 
of the book to another is likely to be confusing to a student, as well as inconvenient. This 
same shuttling back and forth is necessary if the book is used for reference, because there 
is not a single measured orientation diagram in the entire section on interpretation; for all 
references to diagrams one must turn back to Part I. This could have been eliminated, at 
least in part, by using some examples in the interpretive section not already given in the 
factual section, which would have had the added advantage of giving a somewhat broader 
view of the work that has already been done. 

There is some question whether there is a pressing need for such a volume just now, but 
certainly the need is not great enough to justify all the shortcomings that evidently are 
due to rushing into print. These shortcomings range from misinterpretation of previous 
work, through the style of the book, to simple typographical errors. 

For example, on p. 28, in discussing a paper on inclusions in albite metacrysts Fairbairn 
says, ‘‘The cleavages are parallel to the s-surfaces of the rock.’’ One of the main points of 
the paper that he is discussing is that the cleavages are not parallel to the s-surfaces of the 
rock, a fact which helped to prove that the mica inclusions in the albite crystals are not 
relict structures. Then, Fig. 152 on p. 108 shows an apparatus for orienting hand specimens 
as “about natural size,” but the picture is actually about one-sixth natural size, which is 
far too small to be of any use for orienting hand specimens. 

It no doubt would have been possible, by waiting a while to publish it, to have had a 
more convenient sized printed volume rather than the large (93 X11 in.) loose leaf photo- 
graphic offset book. However, the print is easy to read and most of the illustrations are 
clear and well done. The frontispiece is particularly effective. It illustrates graphically the 
important but little-grasped fact that structural petrology is not concerned alone with 
grain orientation, but with all spatial relations from the lattice of individual crystals to the 
largest mountain structures. The index is sketchy and inaccurate. There are numerous 
errors in references, cross references, etc. For example, on p. 47 there is mentioned a paper 
as having been written by Adams and Osborne, which was written by Osborne and Lowther. 


115 


116 BOOK REVIEWS 


On p. 63 there is a reference to Figures 11-14, which should be Figures 31-34. There are far 
too many such errors to be included in a review. 

The component pictures of Figs. 92 and 115 are referred to in the text and legend by 
letters. These letters are omitted from the figures, probably intentionally, but their omis- 
sion does not help the readability. A large percentage of the orientation diagrams are taken 
from Sander’s Gefiigekunde der Gesteine. As there are 245 such diagrams in Sander’s book, it 
would have helped greatly in reference if Sander’s diagram numbers had been given. 

Fairbairn continues to use some definitions and conceptions that are at variance with 
accepted usage, and introduces a few new deviations in the new edition. This is likely to 
confuse beginners and to irritate those who are more or less familiar with current usage in 
structural petrology. For example; vectorial is used as synonymous with directional; dimen- 
sional orientation is substituted for preferred orientation, although any crystal has a dimen- 
sional orientation whether it shows any preferential attitude toward the fabric axes or not; 
a superindividual is defined as an aggregate of crystals that acts as a single unit, with no 
mention of the relation of the orientation of the crystals of the superindividual to each 
other or to the surrounding crystals, which is the fundamental concept in the original defini- 
tion of superindividual. 

Fairbairn appears to miss completely, or in part, some of the fundamental concepts on 
which structural petrology rests. One looks in vain for a suggestion that it is a study of rocks 
based on kinematics rather than on dynamics. In his discussion of symmetry no mention 
is made of the symmetry of motion. The symmetry of a diagram reflects the symmetry of 
the motion that produced the grain orientation and when the motion is lost sight of, the 
symmetry of the diagram loses its meaning, except for descriptive and comparative pur- 
poses. In his classification, therefore, Fairbairn loses sight of the third dimension entirely. 
For example, some diagrams are referred to as bisymmetrical (e.g., Fig. 24), when the 
plane of the projection is a third symmetry plane. This failure to think in three dimensions 
leads to the absurdity of classifying one diagram as bisymmetrical and another from the 
same specimen as monosymmetrical (Figs. 16 and 17). Diagrams from all three principal sec- 
tions of a tectonite must show identical symmetry with respect to the fabric axes, if the 
fabric is homogeneous. 

It is gratifying to find such an extensive treatment of the subject of recrystallization, 
although some of the processes described are open to question. It is astonishing to find on 
p. 80, for example, that ‘‘ ‘annealing recrystallization’ might be expected under higher stress 
conditions than load recrystallization.’’ In the first place, this leaves the impression that 
static stress is not a stress. Secondly, in metallurgy, from which presumably the term was 
taken, annealing recrystallization relieves stresses developed by deformation, which is 
quite the reverse of the réle ascribed to it by Fairbairn on p. 54 when he says that ‘“‘anneal- 
ing recrystallization may be important in the formation of tectonites.”’ 

Many will not agree with the categorical statement that all deformation in calcite is 
brought about by twinning. In this instance fact and theory have not been separated. This 
idea causes Fairbairn to label some calcite diagrams taken from Sander as diagrams of 
twinning planes, when Sander cautiously called them lamellae diagrams. 

Part III on Methods is on the whole very well done. Inclusion of the description of 
x-ray equipment and technique makes it the most complete discussion of methods available 
in English. Some of the equipment suggested is credited to Americans, when the same 
things were in use in Innsbruck several years ago; for example, the template shown in Fig. 
177. There is no discussion of the “blind spot” in some types of measurements that makes 
it necessary to have two or more sections from a given specimen before a representative 
diagram can be prepared. 

EARL INGERSON 
Geophysical Laboratory, 
Washington, D. C. 
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MINERALS OF NEW MEXICO by Sruarr A. Norturop. The University of New 
Mexico Bulletin, whole number 379, Geological Series, volume 6, No. 1 (1942), Al- 
buquerque, New Mexico. 387 pages. Paper bound edition, $1.00; de luxe cloth bound 
edition, $1.75. 


Earlier reports on the mines and minerals of New Mexico appeared in 1904, 1910, 1933 
and 1937. The present bulletin, however, is the first comprehensive report on 320 minerals 
recording both the physical properties and records of occurrence. It represents mainly a 
compilation of the literature although some previously unpublished material is included. 

Part I includes a summary of some interesting facts on the history of mineralogy and 
mining in New Mexico. Also in this section may be found a discussion of some economic 
phases of the State’s mineral industry, a list of minerals recently discovered in New Mexico, 
a list of 63 minerals constituting museum specimens and the districts furnishing them. 

Part II is devoted to brief descriptions of the minerals and records of occurrence, ar- 
ranged alphabetically by counties. While the descriptions are on a whole brief, but ade- 
quate, because of the unusual interest attached to turquois the author has given this min- 
eral a more extended treatment, including a discussion on such aspects as archaeology, pre- 
historic mining, folklore, and technology. 

A map showing the location of 156 mining districts accompanies the bulletin. 

W. F. H. 


REPORT OF THE COMMITTEE ON THE MEASUREMENT OF GEOLOGIC 
TIME, 1941-1942. 68 pages issued in bound mimeographed form. Alfred C. Lane, 
Chairman; John Putnam Marble, Vice-Chairman. 


This Report is now ready and may be purchased for 50¢ from the Division of Geology 
and Geography, National Research Council, 2101 Constitution Ave., Washington, D. C. 


CONTENTS 
Page 
Summary Report of the Committee on the Measurement of Geologic Time for 1941- 
1942. Alfred C. Lane, Chairman; John Putnam Marble, Vice-Chairman......... 1 
Supplementary reports, presented as Exhibits: 
Exhibits: 
1. Annotated Bibliography of Articles Relating to Geologic Time (J. P. Marble).. 4 
2. Supplementary Report of the Chairman (A. C. Lane)...............-..004- 38 
3. Report from J. G. Koenigsberger (A. C. Lane and J. P. Marble).............. 44 
4. Report from Spain, J. M. Lépez de Azcona, Edited by J. P. Marble......... 49 
5. Letters and Reports from Other Foreign Colleagues, Edited by A. C. Lane and 
Raia blcee eie rie AEE RE ENA we 52 
6. Sundry Recent Analyses for Age by Lead-Ratios, by O. M. Muench......... 55 
7. Report of the Vice-Chairman, John Putnam Marble.............-..-.+05-5 61 
8. Proceedings of Meetings of the Committee, A. C. Lane and J. P. Marble..... 64 


PROCEEDINGS OF SOCIETIES 


PHILADELPHIA MINERALOGICAL SOCIETY 
Academy of Natural Sciences of Philadelphia. 
September meeting 


The September meeting, which was attended by fifty members and visitors, was de- 
voted to reports on summer trips and activities of the members of the Society. Those 
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participating in the discussion included Dr. Oldach and Messrs. Knabe, Cochran, Cope, 
Arndt, Wilson, Toothaker and Hesse. 


October meeting 


The fiftieth anniversary meeting of the Society, held on Oct. 1, 1942, was preceded by a 
dinner in commemoration of the event. Following the dinner the Society met in regular 
session with Dr. W. Hersey Thomas presiding. Sixty-six members and forty-three visitors 
were present. 

Mr. Charles M. B. Cadwalader, President of the Academy, gave the address of wq@lcome 
and reviewed a number of interesting incidents relating to the past history of the Academy. 
The anniversary address on “Mineralogists, Where Now?” was given by Dr. John Schairer 
of the Geophysical Laboratory. Dr. Schairer dwelt on the important place the science of 
mineralogy has had in the past in the development of other sciences, such as chemistry, 
physics, radio transmission, and even astronomy. He reviewed some of the methods used in 
the Geophysical Laboratory in its researches and mentioned field trips to active volcanoes 
to study vulcanism and its relation to chemical changes caused by water, sulfides, and the 
halogens when subjected to high temperatures and pressures. Dr. Schairer also indicated 
that great strides would be made in the next fifty years in the synthesis of mineraJs. 

The following officers were elected: 

President: Dr. W. Hersey Thomas 

Vice President: Charles Toothaker 

Treasurer: H. W. Trudell 

Secretary: J. S. Frankenfield 

Councilor: Robert Hesse 

A number of guests presented personal congratulations to the Society. These included 
Professors Buddington, Miller, Sampson, Dr. Pough and Messrs. Weidhaus ard Man- 
chester. Among the older members of the Society who spoke briefly were Edgar T. Wherry, 
John Vanartsdalen, Harry W. Trudell and Samuel G. Gordon. Mr. Henry Clay Borden, 
the only surviving member of the three founders of the Society, read the minutes of the 
first meeting and reviewed several interesting incidents in the Society’s history. 


November meeting 


The November meeting was held on November 5 with Dr. Thomas presiding. Seventy- 
five members and visitors were present. The speaker of the evening was Dr. Edward Samp- 
son of Princeton University who spoke on ‘‘Mineralogical and Geological Sources of Some 
Important War Metals.”’ Professor Sampson in his general survey spoke of the importance 
of tin, iron, copper, lead and zinc, and the characteristics of the main metal producing re- 
gions. Attention was also called to the numerous and important by-products from the Sud- 
bury, Ontario, ores. Dr. Sampson also discussed the vanadium deposits of Rhodesia and 
south-west Colorado, and its recovery from phosphate rocks of Idaho. 

Following the main address Dr. Gillson spoke briefly on some of the non-metallic min- 
erals in our war economy. Fluorite was mentioned and an estimate given that the demand 
for this mineral would be about 500,000 tons in 1943. Reference was made to an unusual 
occurrence of celestite in a dried lake bed in the Mohave Desert of California and Nevada. 
It is probably of volcanic origin with the dust falling in strongly sulphatic waters of what 
was then a lake bed. 


J. S. FRANKENFIELD, Secretary 


